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INTRODUCTION

Municipal wastewater treatment facilities handle a variety of com-
binations of industrial, commercial and residential wastes, all of which
contain complex mixtures of volatile organic compounds. Many of these
volatiles are known to pose a potential health risk to personnel working in
the sewers or in the wastewater treatment plant itself. Recent surveys by
the National Institute for Occupational Safety and Health (NIOSH) of a
wastewater collection system have detected dangerous concentrations of
vapors in some of the sewer airspaces (13,14). However, the complex
mixtures, the variable nature of the wastewater and the multiplicity of
confounding factors complicates the measurement and assessment of the
potential risks.

Various approaches have been proposed to assess the concentrations of
organic chemicals in sewer airspaces such as the measurement of individual
compounds in the air, the use of direct reading organic vapor detectors and
the prediction of maximum possible air concentrations based on wastewater
data. Little information is available on the composition and variability
of the air concentrations in airspaces above wastewater.

An opportunity to address some of these issues was available by
conducting air and water quality monitoring where incoming wastewater
enters each of the three largest wastewater treatment plants of the
Metropolitan Sewer District of Greater Cincinnati, Ohio (MSD). These
influent areas are located in structures that extend below the surface of

the ground to coincide with the location of incoming wastewater, are

enclosed, and are locations frequented routinely by workers. Another
)
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factor making these plants suitable for study was that each received a

different proportion of industrial waste and varied by more than an order

AT
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s gy
P

of magnitude with respect to their size.

’The objectives of this study were as follows:
1) Characterize and compare the variability in air and water con-

centrations both within and between each of the influent areas of the three

rta¥ls deietn s

different wastewater plants in Cincinnati, Ohio.

o al
[

2) Compare analytical determinations for specific compounds to total

-y
[ )

‘; organic vapor concentrations determined by direct reading instruments.
3) Determine the correlation between vapor and water concentrations
of total organics and individual compounds.
‘4) Evaluate and compare four different schemes for assessing the risk

from exposure to vapor concentrations in wastewater facilities.

s 4

The individual compounds for which analyses were performed were the

', '.'_ 'y .,

U.S. Environmental Protection Agency (EPA) volatile organic priority
pollutants (15). Water concentrations for both halocarbons and aromatics

were determined by EPA methods 601 and 602 (40 CFR Part 136) (25,26). .
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BACKGROUND

Industries in the United States discharge over 1 trillion gallons of
wastewater, most of which is untreated, to public sewers each year. Other
chemical discharges occur from commercial and residential sewer users.
The content and concentrations of these discharges varies dramatically
from one plant to another and from one hour to the next.

Until the past four or five years, there was almost no existing
information regarding health hazards posed to personnel working in
wastewater treatment plants and sewer airspaces due to exposure to organic
chemicals. The primary reason for this lack of information resided in the
fact that identification and quantification of trace amounts of organic
chemicals was beyond the scope of existing analytical instrumentation and
techniques and because of the enormous number of possible sampling
locations. As analytical instrumentation and techniques became more
sophisticated and more available for practical use, interest increased
regarding wastewater contents and concentrations primarily from the
point-of-view of the plants' effluents into nearby bodies of water (rivers
and lakes). Initially wastewaters were analyzed for specific classes of
compounds such as polynuclear aromatic hydrocarbons (Reichert, et al.,
1971) (2) and polychlorinated biphenyls-PCB's (Schmidt, et al., 1971) (3)
and (Lawrence, et al., 1976) (4). In 1976, in response to complaints
concerning the enforcement of the Clean Water Act, the Environmental
Protection Agency issued a list of 127 priority pollutants (5). At about
the same time Glaze, et al., 1976 (6) and Chian and DeWalle, 1983 (7)

identified a wide range of compounds in wastewater effluents. Shortly




h! thereafter, the U.S. EPA (and their contractors) also published several

studies of toxic chemicals present in wastewaters (Cohen, et al., 1981 (1),

als’s

Pelizzari, 1981 (8), Kyosai, et al., 1981 (10), Petrasek, et al., 1981
(11)).

However, the aforementioned studies concentrated on characterizing
the wastewaters without regard for the potential to adversely affect the

workers in these wastewater treatment plants. In 1980 and 1981 the

M * . s " s
2 ) - s,
A - .

National Institute for Occupational Safety and Health (NIOSH) performed

two Health Hazard Evaluations (HHE), one in response to workers at a
collapsed sewer in Cincinnati (12) and the other a general survey of the
sewerage system in Cincinnati (13). In contrast to previous work, NIOSH's
study focused on worker exposures to chemicals present in the wastewater
and surrounding airspaces. NIOSH concluded that the potential for a health
hazard did exist and that appropriate corrective and protective measures
should be taken,

In this same time frame, Toogood and Hobson, 1980 (14) at the water
Research Centre in Great Britain published a method for "Determination of
Safe Limits for the Discharge of Volatile Materials to Sewers." This study
proposed a method by which the maximum air concentrations could be
predicted from the wastewater concentrations by assuming equilibrium
concentrations in aqueous and vapor phases.

Lurker, 1982, 1983 (15,37) looked at the volatilization of organic
compounds from the activated sludge process within a sewage treatment
plant receiving pesticide wastes. Decker, 1980 (16) and Staley (17)

studied the fugitive emissions from a toxic waste incinerator; the former
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was concerned with worker exposure and the latter with general en-
vironmental contamination.

However, until quite recently very little actual measurement of the
variability of air concentrations of airspaces in sewers and wastewater
treatment facilities had been undertaken. In 1983, Barsky (18) performed
a study comparing three direct reading instruments in the presence of high
humidity and then further tested these instruments in several sewer
locations and at the influent (wet well area) of a wastewater treatment
plant in Cincinnati. Barsky's study (18) coupled with NIOSH's studies
(12,13) and Toogood and Hobson's proposal (14) formed the basis for
formulating the objectives of this thesis. In addition, a study performed
by Black and Veatch (19) for the Metropolitan Sewer District (M°™‘ of
Greater Cincinnati provided an indication of some of the compounds present
in the wstewater and their variability at two of the plants in this study.
The third plant had previously been monitored under an EPA-sponsored

effort (37).
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PLANT DESCRIPTIONS
The three plants involved in this study are all located in the

Cincinnati area and are operated by the Metropolitan Sewer District of
Greater Cincinnati (MSD) for the Hamilton County Commissioners. A map of
the MSD service areas is presented in Figure 1 and shows the location of
each of the following wastewater treatment plants:

1) Mill Creek Plant

2) Muddy Creek Plant

3) Little Miami Plant

This study concentrates on the initial influent area of each plant
which is located immediately after the distribution chamber that receives
all incoming raw wastewater flow from the sewerage system. From the
distribution chamber, the wastewater enters the bar screen or bar rack. The
bar screen removes large foreign objects from the wastewater in order to
protect the pumps. From the bar screen, the wastewater flows into the wet
well where the wastewater is pumped from the wet well to an elevation that
will permit gravity flow throughout the rest of the treatment process. All
air and water sampling was conducted immediately adjacent to the bar screen
area, after the diversion chamber and before the wastewater enters the wet

well/pump area.

Mill Creek Treatment Plant

The Mill Creek Plant is one of the largest wastewater treatment plants
operated by MSD and it services the highly industrialized Mi1l Creek Valley
(Figure 1). It has a service area of approximately 133 square miles and

serves over a half million persons. The Mill Creek Plant is designed to

P P Y
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handle a dry weather flow of 120 million gallons per day (MGD) and has

facilities to handle a maximum of 360 MGD of combined wastewater and storm
flow.

Figure 2 shows the four Mill Creek interceptors that feed into and mix
in the diversion chamber which then forms the combined flows which enter
the bar screen and wet well. Figure 3 is a diagram of the screen building
which houses two parallel protective screening devices. The material
caught on the bars of the screening devices is removed by traveling rakes
and deposited in large containers for disposal.

The Mill Creek Plant bar screen area is ventilated using forced air
ventilation as opposed to exhaust ventilation in an attempt to shift the
liquid-air equilibrium backwards in favor of the liquid phase. Air ducts
about 12 inches in diameter bring air from the roof of the bar screen
building. The ducts extend down to about 2 meters above the working floor
just above the incoming wastewater. This ventilation provides between 5
and 10 room air changes per hour.

In addition to raw wastewater entering the plant, some return flow
from the plant was also being recycled into the interceptors from the
sludge digestor ("heavy" supernatant) and the thermally conditioned sludge
thickener (from the ZIMPRO process). The magnitude of these return flows

range between 0 and 10 MGD.

Muddy Creek Treatment Plant

The Muddy Creek Plant provides wastewater treatment from the largely
residential areas in western Hamilton County (Figure 1). This plant

services approximately 22 square miles and is designed to handle a dry

.....
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weather flow of 15 MGD.

The Muddy Creek Plant has two interceptors which feed into the
diversion chamber: the East Branch Muddy Creek Interceptor and the West
Branch Muddy Creek Interceptor. This plant has a stationary bar screen
which must be cleaned/raked by hand. The bar screen area is also totally
open to the upper floors of the pump building. The bar screen is ventilated
only by general building ventilation. However, due to the low capacity and
primarily residential wastewater the risk to employees is lower than at a

larger or more industrialized plant.

Little Miami Treatment Plant

The Little Miami Plant is the second largest wastewater treatment
plant operated by MSD and services approximately 86 square miles in eastern
Hamilton County (Figure 1). The Little Miami Plant is designed to handle
a dry weather flow of 38 MGD and has facilities for handling a maximum of
98 MGD of combined wastewater and storm flow.

The Little Miami Plant has one primary interceptor which flows into
three interconnected collection and flood control chambers before entering
either of the two pump buildings. The newer pump building normally handles
the majority of the wastewater flow and is similar in design to that of the
Mill Creek Plant. It has automated bar screen rakes and is essentially
separated from the rest of the building. The Little Miami Plant also uses

forced air ventilation similar to that at the Mill Creek Plant.
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SAMPLING METHODS

Sampling and Analysis Plan

This study involved two separate aspects: field surveys of the
influent (wet well) area with direct reading instruments and simultaneous
collection of water and air samples for laboratory analysis. The field
studies were designed to evaluate the two different direct reading
instruments: the portable Century Organic Vapor Analyzer (OVA) equipped
with a flame ionization detector (FID) and the portable H-NU equipped with

a photoionization detector (PID-11.7 eV). Both instruments measure total
hydrocarbons in parts per million (PPM), but are responsive to different

compounds with varying sensitivities. The water and air samples for
laboratory analysis were collected to determine actual concentrations of
individual compounds present in both the water and the air. These
concentrations were then correlated with total levels determined on the
direct reading instruments. The concentrations found in the water were
also correlated with the concentrations in the air. This study was also
designed to characterize both the influent quality and the resultant
atmospheric quality at three different waste treatment plants within the
MSD. The variability within each plant was monitored hourly and daily and
the three plants were compared to each other with respect to their
variability. Air and water data were also applied to four basic methods of
assessing personnel exposure to volatile organic chemicals: 1) pre-
dictions from water concentrations, 2) air sampling for specific com-
pounds, 3) direct reading instruments to determine total volatiles, and 4)

determination of vapor head space analysis.
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Sampling
Samples were collected on seven consecutive days at three different
sewage treatment plants for 8-12 hours each day. The three plants studied
L were all part of the MSD and were as follows:
1) Mill Creek Sewage Treatment Plant
2) Muddy Creek Sewage Treatment Plant

¥ My

3) Little Miami Sewage Treatment Plant

The sampling was conducted in the wet well/bar screen area which is the

(s A S S KD A

initial point where the combined industrial, domestic and commercial
wastewater flow enters the sewage treatment plants. The sampling was
conducted between 9 August 1982 and 6 September 1982.

Three direct reading instruments were used: 1) a Century Organic
Vapor Analyzer (OVA) with a flame ionization detector (FID), 2) a H-NU
photoionization detector (PID) equipped with an 11.7 eV lamp, and 3) a
: Biomarine Combustible Gas Meter which determined percent oxygen, percent
LEL as hexane (lower explosive limit) and percent methane. These three
instruments were operated continuously and monitored visually. Readings

were recorded every 30 minutes and whenever there was a marked change in

(s "

readings.

Charcoal tube samples were collected according to three different

A bt

criteria. Eight hour time weighted average (TWA) samples were collected
e for each sampling day at a flow rate between 0.014-0.018 liters per minute
% (LPM). Charcoal tube samples were also collected each time there was a
marked increase ("peak") in either of the direct reading instruments (OVA

3 and/or H-NU). These "peak" samples were collected at a flow rate of 1.85
‘f LPM for the duration of the peak unless the "peak" lasted longer than 30




minutes, in which case a second charcoal tube was utilized. At Mill Creek

(the largest plant), a peak was defined as a reading equal to or greater

than 100 PPM. At the other two plants a peak was defined as a reading equal

to or greater than 50 PPM. In addition, charcoal tubes were collected at
L other points of interest such as the outside grate at Mill Creek and the
_h area behind the bar screen at Little Miami. These "special" samples were
E! collected at a flow rate of 0.92 LPM for approximately 60 minutes.

i? Water samples were also collected to correspond with the "peak"

éf readings. These water samples were instantaneous grab samples which were
| collected in duplicate according to EPA guidelines (40CFR, Part 136,
December 1979, Methods 601, 602 and 624) (5,25,26).

Additional meteorologic, wastewater and plant operating condition
information was also collected to aid in the evaluation of the results: 1)
wet bulb temperature, 2) dry bulb temperature, 3) humidity, 4) water
temperature, 5) pH of water, 6) water flow into the plant in million
gallons per day (MGD), 7) direction and extent of ventilation, 8) outside
weather conditions (rain), temperature, and 9) characteristics of waste-
water such as color, smell and the presence of detergent. The above
mentioned data was collected every 30 minutes to coincide with the direct
reading instrument data. Hereafter, this information will be be referred

to as sampling condition data.

The samples (water and charcoal) were collected and kept on ice until
time of analysis. The samples were analyzed by standard methods using the
facilities at the Occupational Environmental Health Lab (OEHL), Brooks Air

Force Base, Texas. The analytical results of the analyses were evaluated
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using the University of Cincinnati Statistical Analysis System (SAS-
796).

The results of this sampling strategy were examined with respect to
four different methods of assessing personnel exposure. The results were
first examined by individual compounds present. The total of these
individual compounds were then compared to the direct reading instrument
data. Next the results from the water analyses were examined in comparison
to Toogood and Hobson's (14) proposal that predicts the maximum allowable
water concentration which will allow the air concentrations to remain
below the TLV's. Finally, the water data was examined with respect to the
following proposal by MSD:

Gentlemen:

The MSD intends to make the following change in your Waste-
water Discharge Permit effective May 15, 1982.

By no later than August 15, 1982, the total concen-
tration of organic material in Permittee's waste-
water shall not exceed that amount which causes

a concentration of 300 parts per million (v/v) of
organic substance in the vapor space above a grab
sample of Permittee's wastewater equilibrated at
200C in a closed vessle whose volume is twice that
of the wastewater sample.

The MSD proposal which determines vapor headspace above the wastewater at
equilibrium was compared to the water analyses data that was analyzed by
the Purge and Trap method. This comparison is limited by the fact that the
MSD proposal represented equilibrium concentrations while the Purge and

Trap Method represented total concentrations forced out of the wastewater.
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ANALYTICAL METHODS

Instruments
The two direct reading instruments were chosen to complement each other
with respect to the compounds that they would detect and also because of
their portability and safety in potentially explosive atmospheres such as

those likely to be encountered in sewage treatment plant influent areas.

Century Systems' Portable Organic Vapor Analyzer (OVA)

The Century Model OVA-128 is designed to measure trace quantities of
organic vapors and gases. It is incapable of causing ignition of hazardous
atmospheric mixtures and can measure concentrations ranging from 1 to
1,000 ppm. The OVA is a lightweight, portable unit which can be operated
on batteries or by alternating electrical current. This instrument
functions as a flame ionization detector (FID). Like conventional gas
chromatographs, the OVA must be calibrated with a known compound and
concentration. A continuous sample is drawn into the probe, metered,
filtered and transmitted to the FID. Inside the FID, a hydrogen flame
ionizes (burns) the organic vapors. The resultant positively charged ions
are collected at a negative collecting electrode with the aid of the
electric field between the conductors and the collecting electrode. As the
carbon-containing, positive ions are collected, a current is generated in
relation to the rate of collection. This current is amplified and
converted to an output signal which can be read on the meter or the recorder

in ppm's based on the calibration compound (20).

The OVA-FID is highly sensitive to hydrocarbons (saturated, un-
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saturated and aromatic) such as hexane, methane, benzene and toluene and
similarly sensitive to mono-substituted halogenated compounds. The FID is
less sensitive to polysubstituted halogenated compound and compounds with
a low ratio of carbon-oxygen, carbon-nitrogen or carbon- sulfur atoms. For
detection with the FID, a compound must have both carbon and hydrogen in
its' makeup. Therefore, it has only a negligible response to carbon
monoxide (C0), carbon dioxide (CO2), ammonia (NHg), sulfur dioxide (S02),
hydrogen sulfide (HpS), carbon disulfide (CSz) and water (H20) (20).

For this study the OVA was calibrated based on toluene (10, 100, 500
PPM) in the presence of approximately 90% humidity using the same equipment
and method described by Barsky (18). Relative sensitivites of the QVA to
various compounds are listed in Table 1. These sensitivities are listed

using toluene (the calibration standard) as 100% and reflect sensitivities

in dry air (20) and experimental values in 90% humidity. The sensitivity
was not significantly altered due to the high humidity since the
calibration compound (toluene) was prepared in the presence of 90%

humidity.

H-NU Systems Photoionization Detector

The H-NU Model PI 101 is a photoionization detector designed to
measure trace concentrations of gases and vapors. The H-NU can be equipped

with several different lamps or sensors depending on the ionization

potentials of the compounds to be detected and the possible interferences.
The sensor is a sealed ultraviolet light source that emits photons
energetic enough to ionize many compounds. The ionized compound is driven

(by an electrical field) to the collector electrode where the resultant
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current is measured.

(
3
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X
)

The lamp used for this study is the 11.7 eV lamp. This lamp responds

",

o ' to any gas or vapor with an ionization potential less than or equal to 11.7.
v However it will not respond to compounds with ionization potentials
8 greater than 11.7 such as 0y, Np, CO, CO2, H20, CHg, H2 or $O2. Unlike the
¥ OVA-FID the H-NU-PID will detect ammonia and hydrogen sulfide but not
methane.

In this study, the H-NU PID was also calibrated using toluene (10,100
and 500 PPM) in the presence of approximately 90% humidity. The H-NU
;; calibrated and functioned properly in the laboratory. However, in the
field the instrument's response deteriorated rapidly. After several
hours, the H-NU no longer responded to even the calibration gas. After
solvent cleaning of the lamp, the instrument would respond but with a
marked decrease in sensitivity. A new lamp was obtained from the manu-

facturer; however, the result was identical (See Figure 4). For this

reason further use of the H-NU was discontinued. The 11.7 lamp has a

uts

decreased sensitivity in the presence of high humidity (18). This dis-

: .J‘_‘\_J »_4

advantage in itself could be compensated. However, in the presence of a
mixture of water vapor and corrosive gases (S02, NO2, H2S) the lamp did not
function properly. The 10.2 eV 1amp may have operated properly, however,
it would not have detected ammonia or hydrogen sulfide and the 10.2 eV lamp
is also somewhat erratic in the presence of high humidity (18).

With the use of the H-NU coupled with the OVA, it may have been

possible to estimate the percent contribution of methane, hydrogen sulfide

and ammonia. However, because of the unreliability of the H-NU (11.7 lamp)
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in the presence of high humidity combined with a corrosive atmosphere, this
portion of the study was abandoned.

Biomarine Combustible Gas Meter

A Biomarine Combustible Gas Meter was also used in this study
primarily as a safety precaution. This direct reading instrument
determines % oxygen, % LEL hexane {1ower explosive level), and % methane.
This instrument was also equipped vith an audible alarm. During the three
weeks of sampling the instrument con:istently gave the following readings:

21% 02, <2% LEL hexane and <0.1% methane.
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ANALYTICAL METHODS

Laboratory Analysis

Overview

A1l samples were maintained on ice following collection, during
shipment and upon receipt at the U.S. Air Force Occupational and En-
vironmental Health Lap (OEHL), Brooks AFB, Texas. The charcoal tubes were
analyzed using standard NIOSH methods which involved desorption in carbon
disulfide and subsequent analysis by gas chromatography using a flame
ionization detector (FID). The duplicate water samples were split into
two sets. The first set was analyzed for purgeable halocarbons using
standard EPA method 601 (40 CFR Part 136) (25,26). The purgable
halocarbon method employed a purge and trap gas chromatographic set up
equipped with a Hall Electrolytic Conductivity Detector (HECD). The
second set of water samples was analyzed for purgeable aromatics using
standard EPA method 602 (40 CFR Part 136) (25,26). This method also made
use of a purge and trap set up; however, the detector required was a
photoionization detector (PID). A1l of the samples were integrated into
the OEHL quality control program in order to verify the accuracy of the

analytical results.

Analysis of Charcoal Tube Samples

Analysis of the charcoal tubes was accomplished according to
standard NIOSH procedures. "The front and back sections of the charcoal
tube were removed separately and desorbed in 1 milliliter of Baker
Analyzed Reagent Grade carbon disulfide, vortexed and allowed to desorb

for at least one hour. At this time the carbon disulfide mixtures
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containing the desorbed compounds were transferred to two-milliliter auto
sampler vials. The samples were then analyzed automatically by flame
ionization (FID) gas chromatography (GC). Appropriate standards were
selected in response to the compounds found to be present in the water as
well as other compounds suspected to be present. Standards were run both
individually and as mixtures in order to determine retention times, con-
centrations and possible interferences. Each sample was run first on the
10 ft. 10% FFAP column as a screen and then rerun on one or more of the
three columns for verification and additional peak separation. The
chromatographic instrument parameters are listed on Table 2, detection
limits in Table 3 and the computer method and sequences employed in the
analytical procedure are presented in Appendix 1. In general, the com-
puter method automates the analysis, by controlling the run time, syringe

washes, sequence of injections, and the method of peak integration.

Purge and Trap Methods (EPA 601/602) for Analysis of Water Samples

In the Purge and Trap Methods, an inert gas is bubbled through a five
ml. water sample contained in a specially-designed purging chamber at
ambient temperature. The halocarbons/aromatics are efficiently purged
from the aqueous phase to the vapor phase. The vapor is passed through a
sorbent trap where the halocarbons/aromatics are trapped. After purging
is completed, the trap is heated and backflushed with the inert gas to
desorb the halocarbons/aromatics onto a gas chromatographic column. The
gas chromatograph is temperature programmed to separate the halo-

carbons/aromatics which are then detected with an electrolytic con-

ductivity detector/photoionization detector. The identification and
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quantification of the individual compounds is confirmed using a second
dissimilar gas chromatographic column.

External standards were utilized both individually and as mixtures.
These standards were prepared according to standard EPA methods 601 and
602. Individual stock standards were prepared by weight in methanol
(mg/L) and then sequentially diluted to the low pg/L levels in methanol.
Mixtures were also prepared from the first stock standard and diluted as
above. Each standard sample (individual or mixture) for the GC was
prepared by taking one ml. of the desired stock concentration and adding
it to 99 mls. (in a volumetric flask) of organic free water. This flask
was capped and mixed and ten mls., were withdrawn for analysis. \

The specific purge, trap, and GC parameters that were used are listed
in Table 4 for purgeable halocarbons and Table 5 for purgeable aromatics.
The compounds analyzed, their retention times and detection limits are
presented in Table 6 and 7, respectively for purgeable halocarbons and
aromatics. The computer methods and sequences employed in the analytical
procedures for halocarbons/aromatics are presented in Appendices 2 and 3,

respectively.

Calculation of Concentrations of Specific Substances of Water

The individual halocarbon/aromatic compound concentrations were
calculated as follows:

Sample area x Standard Concentration ug/1 = ug/1 (= PBB)
Standard area

The individual concentrations were summed to achieve a total halocarbon
(WTCUGL), a total aromatic (WTAUGL) and a combined total (WTAC). For the

aromatics, the total area under all peaks was calculated as if they were

-
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all toluene (WZAUGL) in order to relate the water concentrations to the
direct reading instruments (OVA) which were calibrated based on toluene.
In addition, calculations were made for total aromatics and total
aromatics expressed as toluene excluding 1,2,4-trichlorobenzene (WTABZ
and WZABZ, respectively). 1,2,4-Trichlorobenzene was determined in this
study because it was known to be present in high concentrations
particularly at the Mill Creek Sewage Treatment Plant. The suggested
methods of analysis for 1,2,4-trichlorobenzene are EPA method 612 or 625
which involve different collection and analysis methods from the ones
used in this study. These methods involve solvent extraction and
concentration of a one-liter sample, followed by florisil cleanup when
analyzing complex wastewaters. In contrast, this project only involved
collections of 20 m1. samples for purgeables. However, EPA has documented
1,2,4-trichlorobenzene using the aromatic EPA method 602 which was used
in this study. The standards for 1,2,4-trichlorobenzene were readily
identifiable, however the recoveries were only between 60-70%. This
compound eluted from the gas chromatograph at approximately 31.3 minutes
and in the wastewater samples appeared as a broad two-fold peak on both
columns which indicated an interference and made the quantitation
suspect. For this reason, the TCBZ results were only an indication of the
presence and general magnitude of TCBZ and not an analytically accurate
concentration. The raw analytical results are presented in the next

section.
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Calculation of Concentrations of Specific

Substances in Air

The individual compounds identified from charcoal tube samples were

calculated as follows:

Sample area x Specific Gravity x 1000 1 x Vol (liters) = mg/m3
Standard area m3

These individual concentrations were also calculated in parts per million
(PPM).

The concentrations for individual substances in charcoal tube air

samples were summed to achieve totals (CTMGM and CTPPM) expressed in mg/m3
and PPM, respectively.

In addition the total chromatographic area was calculated based on
. toluene (CZMGM and CZPPM) in order to compare the charcoal tube concen-

trations to those of the direct reading instruments. This calculation was

’FQv made both for the total identifiable compounds and for the entire

chromatographic area (which included unidentifiable peaks).
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STATISTICAL METHODS
Various statistical procedures were performed on the raw data at the

University of Cincinnati Computer Center using the Statistical Analysis

System (SAS-796) (31). The raw data was keyed into a WYLBUR (32) system
and then transferred to a University of Cincinnati data base (M80116) for
f} accessing by SAS-796. The SAS-796 statistical programs are briefly
%! described below and presented in detail in Appendix 4.

SASRUN 1 - This program transferred all raw data from WYLBUR to the

main data base in the proper format for SAS manipulations.

SASRUN2 - This program performed Pearson correlations between
Century (PPM) values and selected water and air values. Regression
analysis was also performed on the Century (PPM) values with respect to
the three different plants.

SASRUN 3 - This program performed Analysis of Variance (ANOVA) and
General Linear Model (GLM) on the PPM values with respect to the different
plants. .This program also performed additional Pearson Correlations and
plotted the various variables with respect to PPM values.

SASRUN 4 - This program performed additional Regression Analyses

comparing total values for water and air as well as the Century PPM values

and plotted the respective variables.

EE SASRUN 6 - This program plotted an overlay of PPM values vs. flow by
?g plant and perfomed Pearson Correlations by individual plants on all other
g' variables (air and water).

ﬁ% SASRUN 7 - This program performed three types of correlations

e (Pearson, Spearman and Kendall) by plant on all water and air variables,
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including the sampling condition information (see page 11).

SASRUN 8 - This program performed a one way nonparametric analysis by
plant on selected charcoal tube values. A GLM was also run comparing
different times of the day and different days for each plant. A second GLM
was run comparing weekday to weekend for each plant. Various values were

also plotted to investigate additional relationships.
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RESULTS

Variability and Sampling Conditions Data

Tables 8.1-8.3 summarized the numbers and types of samples collected
at each of the three plants. The variation in sampling conditions and the
Century OVA data is presented in Tables 9.0-9.3. Table 9.1 presents the
data for the Mill Creek Wastewater Treatment Plant; Table 9.2 presents the
data for the Muddy Creek Plant; and Table 9.3 presents the data for the
Little Miami Plant. The key for the computer generated tables (9.1-9.3)
is presented in Table 9.0. Each of the parameters in these tables was
recorded every 30 minutes. The Century OVA data are presented in both PPM
and mg/m3. The data in Tables 9.0-9.3 are also graphicly displayed in
Figures 5-7, by plant. The above mentioned tables and figures represent
total hydrocarbon concentrations based on toluene as the calibration
standard for the Century OVA and demonstrate the wide fluctuation in
concentrations hourly within a single plant and between the three
different plants.

Hourly and daily variation in both total hydrocarbon (Century OVA)
values and the water and air concentrations was the most dramatic at the
Mill Creek Plant which was also the largest wastewater treatment plant in
this study. At the Mill Creek Plant the concentration of total hydro-
carbons was generally greater in the afternoon than in the morning (except
Monday) and was generally higher on weekends than during the week.
However, these data only represent one week's sampling and are not
necessarily representative of other weeks or other seasons. The values

were not statistically different from one hour to the next. However, if
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the data were broken into only two time periods (0900-1400 and 1400-1900)
then there were a larger number of peaks during the afternoon hours at
each of the three plants (see Table 26 and Appendix 5).

At the Muddy Creek Plant the total hydrocarbon values were also
generally greater in the afternoon than in the morning. It was also
noticed that the concentrations increased in response to rainfall.

The Little Miami Plant also showed the same trend as the other two
plants in that the afternoon concentrations were greater than the
morning. However, at the Little Miami Plant the concentrations tended to
decrease with rainfall.

Table 10 shows the Pearson Correlations for sampling conditions data
correlated with the Century OVA data (PPM) for each of the three plants.
Several of these correlations were statistically significant at or below
the 0.001 level; however the correlation coefficients were relatively low
(between -0.30112 and +0.56456) which indicates that no single factor
could consistently be used to predict the presence of peaks on the Century
OVA.

At the Mi1l Creek Plant the Century readings were highest (according
to correlation coefficients) when the flow was low, late in the day, late
in the week (weekends) and when the air and water temperatures were high.
The Muddy Creek Plant readings were highest late in the day, when the
water was colored, when the water temperature was high, when the air
temperature was lower and when the humidity was high. In contrast, the
Little Miami Plant readings were highest when the flow was low, late in

the day, late in the week, in the absence of rainfall and when the water
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and air temperatures were lower. All of these observations are based

on correlation coefficients with P<0.01.

Charcoal Tube Sample Analyses

Tables 11.1-11.3 present the results of the analysis of charcoal tube
air samples collected during periods of peak episodes observed on the
Century OVA for the respective plants. At the Mill Creek Plant a peak was
defined as any Century OVA value greater than 100 PPM. Whereas, at the
other two plants a peak was defined as any value greater than 50 PPM since
the baseline values were much lower than the Mill Creek Plant. Table 12
shows the results of the analysis of the 8 hour TWA charcoal tube samples
for the respective plants and Table 13 presents the results of the
analysis of charcoal tube samples collected at other sites of interest.
The samples collected at these other sites include samples collected
above the airspace of the venting grate at the Mill Creek Plant where the
main sewer lines are combined prior to entering the wet well/bar screen
area. This venting grate was installed as an added safety precaution to
provide the volatile compounds being mixed an outlet prior to the
wastewaters' entry to the wet well. Other samples were taken only six
inches above water level rather than in the breathing zone area and
samples taken above pools of water in the wet well but behind the bar
screen at the Little Miami Plant where the building was open in the center
for three floors. Pearson Correlations are shown in Table 14 correlating
the Century OVA data (PPM) with results of the charcoal tube sample
analyses. Only three correlations were statistically significant at or

below the 0.001 level. These three correlations were all found at the
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Mill Creek Plant and concerned the following compounds correlated with
the Century OVA (PPM) data: MIBK, chlorobenzene and toluene. MIBK and
chlorobenzene were only detected in about 10% of the samples, however when
they were present the Century values were high. Toluene on the other hand
was present in almost all of the samples and when the Century values
increased so did the toluene concentrations found in the charcoal tube
samples. Benzene also had a relatively high correlation coefficient at
the Mill Creek Plant. Table 15 presents three different types of
correlation coefficients (Pearson, Spearman and Kendall) comparing Cen-
tury OVA data (PPM) with the charcoal tube sample results for the Mill
Creek Plant. The Spearman and Kendall correlation coefficients are
nonparametric correlations; however they show the same trends as the
Pearson Correlations but with higher confidence levels (greater than

0.001).

Water Sample Analyses

The results of the water analysis are presented in Tables 16 and 17.
Table 16.1-16.3 gives the results of analyses for chlorinated organic
compounds (halocarbons) for the three respective plants with a key of
abbreviations in Table 16.0. The results of the analyses for aromatic
compounds are presented in Tables 17.1-17.3 with Table 17.0 as the key.
Table 18 presents Pearson Correlations comparing Century OVA data with
the results of selected water sample analyses. The results of the water
analyses did not correlate with the Century data. The confidence levels

were never below 0.1245 and many of the correlation coefficients were

slightly negative values.
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.' Comparison Studies of Water and Air Samples

Tables 19.1-19.3 presents the Century OVA data (PPM) and the total
concentrations found on the charcoal tubes (in PPM and PPM based on

toluene) and also compares the water concentrations as total chlorinated,

. Cereee ey
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total aromatic, sum of chlorinated and aromatic and a total aromatic based
on toluene (all expressed in ug/1 - PBB).
Tables 20.1-20.3 presents statistical summaries of water and air

concentrations by compound: range, mean, median and frequency of de-

TN

tection (%). Table 20.0 presents a key for Tables 20.1-20.3.

Table 21.1-21.3 compares selected charcoal tube samples to their

AR - §

respective Century OVA values, both expressed in PPM. The first column

E; gives the total of the individual compounds found on the charcoal tubes.
The second column expresses this total as if all the compounds were
toluene. The third column expresses the total area of the chromatogram as
if it were toluene. This third column includes small unidentified peaks
in addition to the compounds identified. The fourth column represents the

Century OVA values recorded at the time the charcoal tube samples were

collected. The Centruy OVA values are expressed as PPM toluene since the
instrument was calibrated based on toluene. Even when the total con-
centrations on the charcoal tubes are expressed as toluene, the charcoal
tube samples represent less than 20% of the Century OVA readings.

Table 22 1ists the ACGIH TLV's and STEL's for the compounds in this

study. These values are also listed in Table 23 along with per nent
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values needed to calculate the Ct y's and RAT's presented in Toogood and

Hobson's paper (14). The CtLy represents the maximum allowable con-
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centration in water for a single compound so that the TLV in air will not

be exceeded. This value is calculated using the TLV, vapor pressure (VPo),
the limiting activity coefficient including sewage at the appropriate

temperature (Y,,) and the molecular weight in the following formula:

TLV x MW x 760
CTLy = VPo ¥ o 18 (MW H20)

Toogood and Hobson's (14) CTLy's are derived based on a static equilibrium
assuming no ventilation of the sewer airspaces. The RAT refers to the
relative atmospheric toxicity which is calculated by the following

formula:

Ci

RAT = Ctpy, i

Table 24 presents the CyLy's for the compounds detected at the three
plants as well as the maximum % of the Cy y detected and the range of the
concentrations found. Table 24 also shows that only at the Miil Creek
Plant did the concentrations exceed 5% (but less than 10%) of the RAT
proposed by Toogood and Hobson (14).

Table 25 presents a summary of the statistics that were performed
comparing air and water quality data in addition to the correlation
coefficients. In all of these tests the results were not statistically
significant.

Table 26 gives a summary of the number and magnitude of the peaks
observed on the Century OVA, which were compared statistically. Table 26

shows there is definitely a greater number of peaks in the afternoon as

opposed to the morning at each of the three plants. The statistics for




Table 26 are presented in Appendix 5 where a log linear model is developed
which is based on the data in Table 26. The best fitting model is as
follows:

109 Pp1ant-time-peak = UPlant * UTime + UPeak * UPlant-Peak *

UT ime-Peak

This model indicates that all interactions between plant, time and peak

must be considered except the interaction of plant with time.
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DISCUSSION
Figures 5-7 graphically displayed the daily plant variation in total

hydrocarbon concentrations hourly and daily. The correlation co-
efficients in Table 10 showed that the hydrocarbon concentrations were
generally higher late in the afternoon and on weekends. The higher
concentrations were also correlated with lower flows which generally
occurred late in the day and on weekends. Table 26 compared the total
hydrocarbon concentrations in the morning (0900-1400) with those in the
afternoon and evening (1400-1900). The afternoon concentrations were
generally higher and much more variable at all three of the plants
confirming the results presented in Table 10. The two smaller plants
showed a more exaggerated difference between morning and afternoon
concentrations than the Mill Creek Plant which is probably more a
reflection of the lower flows at the two smaller plants.

The higher afternoon concentrations were probably due to the
startup of industrial activity in the mornings and the sewer transit
time (time it takes for the wastewater to travel from origin to plant)
as well as increased residential use in late morning. The changes noted
in association with rainfall could incorporate multiple occurrences.
The decreased concentrations at the Little Miami Plant may merely re-
flect dilution of the wastewater by strom runoff. The increased con-
centrations at the Muddy Creek Plant appear to represent a case where

o the storm runoff washes the sewage through the system as a slug since
the Muddy Creek Plant is the smallest of the three plants with the least

¢ amount of industrial contribution to the sewer system. The possibility
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that this increase represents industrial fugitive dumping, though

unlikely, cannot be discharged. This increase during rainfall could

also represent soil leachate from some of the nearby tank farms.

In comparing the charcoal tube samples with the total hydrocarbon
values (Century OVA), it is noteworthy that in almost all cases the
charcoal tube sample represented less than 10% of the Century OVA
concentrations. Some of this difference may lie in the fact that the
Century OVA does detect methane and the very light hydrocarbons
(ethane, propane etc.), whereas the charcoal tubes will not collect the
permanent gases. It is also possible that the high humidity decreased
the adsorption capabilities of the charcoal, however no water was de-
tected condensed within the charcoal tubes. Many other factors (dis-
placement, ventilation, etc.) may have decreased the charcoal tubes ad-
sorption capabilities but none of these factors alone or combined
should have altered the results by more than 10-20%. If in fact the
Century is detecting primarily lighter molecular weight gases, then the
charcoal tube concentrations may actually be a better indication of
harmful compounds present: particularly since the charcoal tubes allow
identification of the compounds. The Century OVA merely gives an
indication of total hydrocarbons. In any case the Century QVA can
provide an immediate indication of the maximum possible concentrations
present from which immediate decisions can be made. The charcoal tube
samples can then be collected and the analysis can identify the specific
compounds and their respective concentrations.

The correlations coefficients (in Table 14) indicate a very good
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correlation between the Century OVA (PPM) total hydrocarbon concen-
trations and the charcoal tube concentrations of toluene (correlation
coefficient: 0.82820 with P<0.001) at the Mi1l Creek Plant. There were
also strong correlations between the Century OVA concentrations and
methylisobutyl-ketone, chlorobenzene and benzene. The latter compounds
were not routinely present, but were generally present when a peak
occurred. These correlations were present only at the Mill Creek Plant
and not at the two smaller plants. The total of the individual
compounds found on the charcoal tubes did not correlate well with the
Century OVA concentrations at any of the plants. At the Mill Creek
Plant it may be feasible to merely monitor for toluene as an indication
of routine peak concentrations, however, further documentation would be
needed before toluene could be used as a marker compound.

The added ventilation at the Mill Creek Plant and the Little Miami
Plant appeared to help decrease the total air concentrations by forcing
fresh air back into the sewers rather than drawing air out and thereby
shifting the equilibrium and encouraging volatilization. The venti-
lation grate at the Mill Creek Plant prior to entry of the wastewater
into the bar screen area also appeared to decrease the wet well
concentration as evidenced by the sampling conducted above this grate.

The water concentrations of individual compounds and total hydro-
carbons indicated very low PPM to sub-PPM concentrations which did not
allow adequate evaluation of Toogood and Hobson's (14) proposal. The
concentrations detected never exceeded 55% of the proposed Ct y and in

most cases were less than 10% of the Cy y. The RAT was never exceeded
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since it is derived from the sum of the CT y's. The total concentration
of the compounds detected in the water samplies never exceeded 10% of the
proposed RAT and in most cases represented less than 5% of the RAT.

The water concentrations did not correlate well with the Century
OVA concentrations (P > 0.10) and in fact many of the correlation co-
efficients were slightly negative.

Both the Century OVA (and other direct reading instruments) and
the charcoal tube sampling are important in characterizing sewer and
wastewater atmospheres. The Century OVA can give an immediate
indication of a potentially hazardous atmosphere. The use of this in-
strument can yield further information by placing a charcoal tube in
front of the probe. If there is little or no change in the Century OVA
reading, then the majority of the compounds are light molecular weight
hydrocarbons and permanent gases such as methane, ethane and propane,
which are relatively innocuous unless their concentrations are high
enough to affect the % of available oxygen. If there is a drastic drop
in the Century OVA reading, then further sampling should be done with
charcoal tube and water samples to determine the identities of the

compounds are present.
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CONCLUSIONS

The studies conducted with the Century OVA (a direct reading in-
strument) indicated dramatic changes in total hydrocarbon concen-
trations both hourly as well as daily. The Century OVA readings were
higher and more variable in the afternoon than in the morning at all
three plants. The readings were also higher on the weekend than during
the week at each plant. The readings were highest and the most variable
at the Mill Creek Plant (the largest plant).

Total hydrocarbon concentrations quite often reached or exceeded
100 PPM while the water and air concentrations remained in the low PPM
levels. This discrepancy indicates that a large percentage of the
Century OVA concentrations are probably due to low molecular weight
hydrocarbons and permanent gases such as methane, which are not col-
lected on charcoal tubes. Even though the charcoal tube concentrations
represented less than 10% of the Century OVA concentrations, there was
a good correlation between high Century OVA readings and high concen-
trations of toluene, methylisobutylketone, chlorobenzene and benzene.
These correlations were only found at the Mill Creek Plant and not at
the two smaller plants. During the four week course of this study no
TLV's, CtLy's or RAT's were exceeded.

The Century OVA can provide an immediate indication of the air
quality and by using a charcoal tube in front of the probe, an estimate
can be made of the degree of the hazard (i.e. ¥ permanent gases).

A large hazardous slug was not detected at any time during this

study. However, the possibility of a hazardous slug is always present.
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Proper communication between industries and wastewater treatment plants
should be paramount, particularly when a spill occurs. However,
frequently the first notification of a hazardous slug is received via
wastewater treatment workers. Perhaps, increased penalties to industry
(for spills) coupled with more complete and frequent wastewater
analysis of the influent (at least hourly) could prevent or at least
alert workers to potential problems. The analytical proposal for
headspace analysis of wastewater samples at the industries' effluent
made by the Metropolitan Sewer District of Greater Cincinnati (MSD)
would help industry "police itself." This proposal should also be
instituted with respect to hourly sampling of wastewater influents as a

form of "early warning device."
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Figure 4. A Comparison of the Century OVA

(FID) a-~d the HNU (PID).
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Century Data- Mill Creek Plant
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Century Data - Mill Creek Plant (cont.)
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Figure 5 (continued). Century OVA Data.




-43-

Century Data - Muddy Creek Plant

- Tues.(2) Wed.(3)
150. 12 MGD 150 10 MGD

100i ‘ @

JARS ¢ APPSR WURARAAR ST N A A4 AL PRI = ~ TP AL By Ta g ¥ JEFE 1023
1,
4

4
. o -
& -
® )
o‘
% 9 12 15
Q
[-]
®
> Thurs.(4) Fri. (8)
T 150 10 MGD
s
(-]
-

100 100

- AT

0
9 12 15§ 18 ] 12
) Time - 24 Hour Clock

0@- Fiow Throttled at indicated Time period

1§ 18

Figure 6. Century OVA Data.

- . . B - . T e e e e . . - . . -
LI SRRSO SN . . T, . . Fal S P, .. T . e 4 B .. . N . - T e e m '-J
PRIRS SRR S A W USSR AU YA ST SURIEPNCIIL G PYR AP (A SUPS SRSICERAE ST IR NN NORCTPL RO SIPSLP I  hE S FSIE SR ) SR B



...........

.......

-44-

Century Data - Little Miami Plant
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Figure 7. Century OVA Data.
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Figure 7 (continued). Century OVA Data.
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TABLE !
RELATIVE SENSITIVITIES OF THE CENTURY OVA

Dry Air* 95% Humidity*
Toluene 100% 100%
Methane 83 80
Benzene 125 135
Trichloroethylene 58 65
Hexane 75 80
Methylene Chloride 85 100
Perchloroethylene 58 65
1,1,1-Trichloroethane 75 90

*Sensitivities published by manufacturer converted from methane to
toluene basis.

*Al11 standards were prepared in the presence of 90% humidity.
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TABLE 2
INSTRUMENT PARAMETERS FOR GAS CHROMATOGRAPHIC ANALYSIS
OF CHARCOAL TUBE-AIR SAMPLES

Instruments: Hewlett Packard (HP) 5710A Gas Chromatograph
7672A Automatic Liquid Samplers (ALS-99
samples)
HP 1000 Series E Computer
HP 3350 Lab Automation System

Detector: Flame Ionization Detector (FID)
Carrier Gas: Nitrogen
Attenuation: 10 x 2 = 20

hf:z Injection Port Temp.: 2500C

E; Detector Temp.: 2500C

. Run Time: 30 Min.

2 Column Temp.

Column 1: 10 ft. 10% FFAP 1000C
Column 2: 20 ft. 5% FFAP 1500C and
2000C
Column 3: 6 ft. 5% Carbowax 20 M  100°C
Column 4: 10 ft. 5% SE-30 110¢C

A1l columns 1/8 in. stainless steel coiled columns.
Computer Methods: ZR04, ZROS, ZR08, ZR09, ZR10.
Epmputer/ALS Sequence: ALS9.
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TABLE 3
DETECTION LIMITS FOR COMPOUNDS DETERMINED BY GC ANALYSIS
OF CHARCOAL TUBE SAMPLES

Compound Screened Abbreviation* Detection Limits Mg
Freon 11 F-11 0.02
Chloroform Chlor 0.02
Methylene Chloride MeCl 0.02
Bromodichloromethane BrCl2 0.03
Dibromochloromethane BroCl 0.03 ‘
cis-1,2-Dichloroethylene cDCE 0.01 ‘
1,2-Dichloroethane DCA 0.01
1,1,1-Trichloroethane Trich 0.01

Carbon Tetrachloride CCla 0.10
Trichloroethylene TCE 0.01
Perchioroethylene PCE 0.01

Methyl Ethyl Ketone MEK 0.01

Methyl iso-butyl Ketone MIBK 0.01
Benzene Bz 0.01
Toiuene Tol 0.01

Ethyl Benzene E+Bz 0.01
Chlorobenzene CiBz 0.01
o-Xylene Xyl 0.01
m-Xylene Xyl 0.01
p-Xylene Xyl 0.01
o-Dichlorobenzene C1282 0.10
m-Dichlorobenzene C12Bz 0.10
p-Dichlorobenzene C12Bz 0.10
1,2,4-Trichlorobenzene TCBZ Not Detectable*

*As used in the data analysis.

*Not detectable using this method.
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TABLE 4

INSTRUMENT PARAMETERS FOR ANALYSIS OF PURGEABLE HALOCARBONS
IN WATER SAMPLES

Instrument: Tracor 560 GC
LSC-2 Sample Concentrator
Tekmar Auto Lab Sampler
Hewlett Packard (HP) 3352B Lab Data
Reduction System

G6C Detector: Hall Electrolytic Conductivity Detector
700A (HECD)
Purge Gas: 40 m1/min. (helium)
Inert Carrier Gas: Helium-40 ml1/min.
Attenuation: 10 x 2 or 200
Solvent Flow: 4
Injection Port Temp.: 1100C
Detector Temp.: 2500C
Trap Temp.: 1800C
Column 1 Column 2
Carbopack B 60/80 Mesh Porasil C-100/120 Mesh
Coated with 1% SP-100 Coated with n-octane
8 ft. x 0.1 in. ID stainless steel 6 ft. x 0.1 in. ID stainless
steel
Initial Temp.: 440C 500C
Initial Hold: 3 min. 3 min,
Program Rate: 80/min. 69/min.
Finai Temp.:  2200C 170°C

Final Hold: 15 min.

Computer Method: PURG601:TO
Computer/ALS Sequence: SEQ21B-SEQ21F

4 min.
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TABLE §

INSTRUMENT PARAMETERS FOR ANALYSIS OF PURGEABLE AROMATICS
IN WATER SAMPLES

Instrument: Tracor 560 GC
LSC-2 Sample Concentrator
Tekmar Auto Lab Sampler (ALS)
Hewlett Packard (HP) 3352B Lab Data
Reduction System

GC Detector: Photoionization Detector (PID)-h-NU Systems
P1D-52-02
: Purge Gas: 40 ml/min. (helium) ‘
N |
N Inert Carrier Gas: Helium 35 ml/min.
i Attenuation: 10 x 6 or 160
- Injection Port Temp.:  1000C
Detector Temp.: 2500C
Trap Temp.: 1800C
Column 1 Column 2
Suppelcoport 100/120 mesh Chromosorb W-AW 60/80 mesh
coated with 5% SP-1200 and coated with
1.75% Bentone-34 1,2,3-Tris (2-cyanoethoxy)propane
6 ft. x 0.085 in. ID stainless steel 6 ft. x 0.085 in. ID stainless
steel
Initial Temp.: 500C 400C
Initial Hold: 2 min. 2 min.
Program Rate: 60C/min. 20C/min.
‘ Final Temp.: 900C 1000C
. Final Hold: 20 min. 20 min.
i
J Computer Method: PUR602:TO

Computer/ALS Sequence: SEQ22D-SEQ22H
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TABLE 6

RETENTION TIMES AND DETECTION LIMITS FOR HALOCARBONS
IN WATER SAMPLES

Compound Abbreviation* Retention Time** Detection Limits ug/1
Methylene Chloride MeCl 7.34 0.25
cis-1,2-Dichloro-

ethylene OCE 11.46 0.10
Chloroform Chlor 12.02 0.05
1,2-Dichioroethane DCA 12.77 0.03
1,1,1-Trichloro-

ethane Trich 14.08 0.03
Carbon Tetrachloride CCla 14.45 0.12
Bromodichloromethane 8rCl2 14.89 0.10
Trichloroethylene TCE 17.15 0.12
Dibromochloromethane Br2Cl 17.70 0.09
Bromoform Brom 20.45 0.20
Perchloroethylene PCE 22.93 0.03

Ef *As used in the data analysis.

N

o **Retention times for column #1 (Carbopack B, 1X SP-1000) 8 ft.
:
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TABLE 7
RETENTION TIMES AND DETECTION LIMITS FOR AROMATICS IN WATER SAMPLES

Compound Abbreviation* Retention Time** Detection Limits ug/1
Methyl Ethyl Ketone MEK 3.00 0.20
Benzene Bz 3.44 0.20
Toluene Tol 6.U8 0.20
Ethylbenzene EtBz 8.77 0.20
p-Xylene Xyl 9.29 0.30
m-Xylene Xyl 9.54 0.30
o-Xylene Xyl 10.28 0.30
Chlorobenzene CiBz 11.39 0.40
m-Dichlorobenzene Cl28Bz 17.61 0.30
o-Dichlorobenzene C128Bz 18.38 0.40
p-Dichlorobenzene C128z 24.33 0.40
1,2,4-Trichlorobenzene TCBz 31.30 0.40

*As used in the data analysis.

**Retention times for column #1 (Suppelcoport 100/120 mesh coated with
5% SP-100 and 1.75% bentone-34, 6 ft.).
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TABLE 8

SUMMARY OF ANALYTICAL SAMPLES COLLECTED

b o ity

L3 e ae Y




LA S S

A S S BN

et W B

ife Yo' Vo

-54-
N) ' TABLE 8.1
< SUMMARY OF ANALYTICAL SAMPLES COLLECTED
- . MILL CREEK
Number of Days Sampled ‘ 7
Number of Charcoal Tubes Sampled 28
Number of Peak Charcoal Tubes 14
Number of 8 Hour TWA Charcoal Tubes 7+
Number of Other Charcoal Tubes 7
Number of Water Samples* 19
Century OVA Data Points Recorded** 128
+ Actually represents 14 charcoal tubes since they
were collected in series. Overnight samples were
also collected but in almost all cases the batteries
in the pumps died before morning so these sets of
) tubes in series were analyzed but not included in the
data.
* Water samples were collected in duplicate to allow
v analysis for both aromatic and halocarbon compounds

(i.e. 38 water samples were collected).

** Data Points recorded every 30 minutes for duration of

* sampling.
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TABLE 8.2

SUMMARY OF ANALYTICAL SAMPLES COLLECTED

MUDDY CREEK
Number of Days Sampled 4
Number of Charcoal Tubes Sampled 13
Number of Peak Charcoal Tubes 8
Number of 8 Hour TWA Charcoal Tubes 4+
Number of Other Charcoal Tubes 1
Number of Water Samples* 9
Century OVA Data Points Recorded** 68

+ Actually represents 8 charcoal tubes since they were
collected in series. Overnight samples were also
collected but in almost all cases the batteries in
the pumps died before morning so these sets of tubes

in series were analyzed but not included in the data.

* Water samples were collected in duplicate to allow
analysis for both aromatic and halocarbon compounds

(i.e. 18 water samples were collected).

** Data Points recorded every 30 minutes for duration of

sampling.
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TABLE B.3

SUMMARY OF ANALYTICAL SAMPLES COLLECTED

LITTLE MIAMI

Number of Days Sampled 7
Number of Charcoal Tubes Sampled 17
Number of Peak Charcoal Tubes 6
Number of 8 Hour TWA Charcoal Tubes 7+
Number of Other Charcoal Tubes 4
Number of Water Samples* 9
Century OVA Data Points Recorded** 101

+ Actually represents twice amount of charcoal tubes
since they were collected in series. Overnight samples
were also collected but in almost all cases the batteries
in the pumps died before morning so these sets of tubes
in series were analyzed but not included in the data.

* Water samples were collected in duplicate to allow
analysis for both aromatic and halocarbon compounds

(i.e. 18 water samples were collected).

** Data Points recorded every 30 minutes for duration of
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TABLE 9

SAMPLING CONDITION INFORMATION
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TABLE 9.0
Key For Tables 9.1-9.3

Spl Sample Number (consecutive)

P = Plant
1l = Mill Creek

2 Muddy Creek

3 Little Miami

D = Day (1 = Mon, 2 = Tues, etc.)
= Number of sample for given day
Dt = Date in Month of August and September
Time = Time on 24 Hr. clock
PPM = Century Reading in PPM based on Toluene Std.
MGM = Calculated mg/m3 from PPM (using Toluene)
FLO = Plant Flow in Millions of Gallons Per Day (MGD)
R = Ran, 1 = No Rain, 2 = Rain, 3 = Rain + Throttled Flow
S = Detergent, 1 = No Detergent, 2 = Detergent Present

C = Color, 1 = None, 2 = White, 3 = Red, 4 - Brown,

5 = Smell
PH = pH of Water using Indicator Paper (Scale 1-14)

AT = Air Temperature

5
5
[
!
.
{

WT = Water Temperature

H$ = Relative Humidity %
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v TABLE 9.1 (continued)

_ MILL CREEX WASTESATLK TREAIMEST PLANT (CONTIHUDD

SPL P S i DJOTINE PP MGN FLO R S C B
231 21 11 090C €23 L4 208 2 7.C
€251 2 212 063C 015 057 2¢- 1 7.C
25 1 2 211 1060 034 12C 2UD 17.0
€251 2 4 311020 n10' 023 200 1 7.0
(27 23 € 311100 250 127 2Cs 7.0
€71 2 %11 1120 052 127 132G 1 7.0
C22 1 = 7 11 1205 D85 13¢ 14C 7.0
G40 2 2811 12306 084 222 100 7.C
f231 1 30311320 Co" 227 150 7.0
€422 31031 1320 €50 100 1% 7.0
0L3 31 2 1131 2400 0ID 107 1% 7.0
€42 1 2 1213 2430 045 278 150 7.
C48 1 21321 1840 €50 227 15C 7.0
07 2 2 1411 18I0 €L 20 4C .
€47 1 21811 2700 0% 227 140 7.
C&2 ) 21611 1730 0oL 113 170 .
1 1721 1920 2 .

-
-

ko]

[k}

- -
[,
~as

f\ﬁ
-l
kit
- -
(Y
- .
~
-
©r.
-
s
oo
~n
. &
[EEY
[ S
{20

- -

o -~
-l

an

wa

P v . . B N .. ) .
- WYL - e ) i o™ )
LT A e, et dasdions & —h i i o o a a8 r ol on ko n e o *i




Py v L onad eem s gorte 2o W . 2 . X, p-
Lol At N R AR ACArhaaCG A A A Al LR ANl IS A S AL ANE S AR A R

W AR

BTV ST

2~ PEX

’ TABLE 9.1 (continued)
MILL CRELY, WASTENATLI. TREATMEST PLANG (COWTINULL

V't Y

SFLPZ 2 DX TINE PPN MC FLC S C P AT VT LU
£°8 1 4 1012 1330 012 046 232111 7.C72 50 &2
€"51 4 1112 1400 €20 £75 13011 1 7.0 72 5€ 22
371 ¢ 1212 1430012 020130 11 2 7.0 72 52 82
0521 4 1212 1890 007 02C 14C 11 ) 7.0 72 6T £2
03¢ 1 4 142121530 022 075140111 7.0 72 32 ¢2
C7C 1 4 1812 150C Ci0 035 1401 21 7.C 72 ¢ g2
071 1 £ 1812 1533C 05C 225 242111 T7.C 78 €3 A2
721 £ 1712 170C €70 272 14C 21 1 7.5 75 56 52
87217112173 0580 122 14011 1 7.0 78 85 &2
C7/4 2 ¢ 1832 15C° 212 022 140 2 11 5.8 75 5% “0
€72 1 £20)2 32321032240 111 7.275 5502
0771 £ 2112 1338 @81 18I 140111 T.5 78 %R f2
077 1 42212 1828 050 2271272111 7.5 78 56 62
C72 2 4 23121630 €20, 1231401 12 7,878 G S
C7¢ 151 1231100010 02T 140 12 1 7.C¢72 € %
Clu 2 B 2122227020 020220111 7.072 58 58
C.o 205 2121202020 078120121 7.072 08 4L
o2 18 4 3171220 070 2721202 0 2 7.0 52 08 T8
721929121300 015 L7 12011 1 7.0 72 38 70
Ces 15 5131320020 0751226111 7.0 72455 70
CCE 18 7121472022 222 140211 7.0 72 35 78
S71 8013146100 270 240 21 27,052 08 0C
ST 15 % 15 1500 ORL 2253 M40 2 11 7,0 T3 T8t
CEC 1 5 1012 1030 O20-L30 240 1 1 1 5,875 50 T
.00% 1 9 1112 1300 €L 2220401 2 3 7.0 75 68 70
CeC 1 5 1212 1335 080 122140 2 22 7.0 70 50 L
€£2 15 12)3 1700 €30 227 340111 7.0 790 32 &¢
0521 5 1413 1720 030 320140211 7.0 78 T0 50
(02 1 & 1513 157 040 152 1402 1 1 A.5 75 58 5%
094 2 8 22121230100 277240 1 D 4 .8 7T S5 LT
002 1 5 1712 JSCI €23 820 1401 11 S.8 75 °5 &L
0351 S 1212 193¢ 0BC 301 140 111 5.5 78 T 22
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TABLE 9.1 (continued)
MILL CREE{ WASTEWATER TREATWLWT PLANY (COWTINUTD!
SPL P D f . TIME PPv MGM FLO R S C B AT T i
€57 2 &1 14 11CC 01C ©32 200 111 7.0 75 3% 452
CSC 1 5214 1130 02C 075 1¢C 11 1 7.0 78 55 a2
0S¢ 1 5 2 14 1260 045 151 110111 7.C 75 35 62
100 3 34 14 1235045 152 11211 1 7.0 75 56 62
1021 551412300 163 3751181 1 2 7.C 75 £% 62
1621 5321241330050 2231101 1) 7.0 75 53 o0
102 177 14 1400 0EC 3CY 11C 11 1 7.6 75 6% 42
G4 1% T 14 1430 1C0 275 11C 1 1 1 7.0 78 %€ 52
105 3 2 € 14 1500 G4C 15) 11211 1 7,0 7t 45 62
17 1 7 10141530 037 33 110111 7.C 78 57 A2
107 105 1234 1505 950 167110 ) 11 7.0 7% 5% 02
1021 41214 1530 €20 €75 110 11 3 T.C 7% 50 A2
10201 61214 1700 £4C 181 120 11 1 7.0 75 A0 G
2102 A 2424 1730 200 227 1101 11 T.0 75 50 32
2132 531514 1ZZ0 CIC 2L 110 1 1 1 7.C 73 6¢ &2
1121 6 1504 18320 120 2721101 21 7.0 77 86 42
1121 63710 3SL0 0L 181210111 7.C 77 76 A2
11417118 1300 CELOICE 1CH 1 1) 1,577 T T2
2181 7215 1330100 377100112 5.5 70 L
1131 7 315 14G0 120 452 1% 1 11 3,877 7C 72
11727 415 2430 056 225 160 2 1 1 7.C 77 70 72
1121 7 815 1800 120 452100 1 1 1 7.0 70 7C 7L
1121 7 %15 1530 128 452 10 ) 11 7.6 77 7C 72
4 12(. 1 7 7 15 1500 130 496 13011 1 2.6 77 7C M
» 121 1 7 215 1220 3601126 1¢2 11 1 7.0 77 71 Tl
o 122 1 7 €15 1702 3001126 18011 1 3.0 77 71 72
b 1221 710251720210 792 1421121 7.7 1 N1
M 32417 1115 1990 127 452150 1 2 1 TLC 77T I T
i 1261 71215 1820 00L 301 102111 7.0 77 N1
N 1251 7 2315 1900 10T 373 6L 2 11 7.C 77 71 71
e 1271 714251030 170 6L2 100121 17,077 T2
o 2017 1118 2000 007 3C1 102111 7,077 1 T
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TABLE 9.2

SAMPLING CONDITION INFORMATION AND
CENTURY OVA AIR SAMPLING DATA

MUDDY CRCEX WASTONATER TRERTMENT PLANT

SPL P T §{ DI TIME
12¢ 117 1005
13C 217 1L3C
131 2 17 11¢C
1zZ2 4 17 1130
132 5 17 120C
134 317 123¢C
125 7 17 1300
1325 C 17 1230
127 ¢ 17 135¢C
1.2 1017 1402
e 117 142
14C 1217 1500
141 1217 153
142 1317 158C
142 1517 1%3C
14/ 1317 1706C
108 1717 1720

112 ¢sce
147 2 15 ¢22¢
14° 3 12 180C
14¢ 4 10 173
1e0 5 1¢ 110¢
151 518 113C
is2 712 12CC
23 2 1¢ 123¢
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£7 1218 1420
152 1712 15%¢C
122 1512 153C
150 1518 1800
151 171¢ 1320

1E1¢ 170C
1¢13 173¢
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1 U5
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RE&ECPl ATVT g%
1117.72 74 95
1117.072 74 ¢2
11217.7274 92
1117.072 74922
1117.07274 %93
1117.072 7462
1117.07274 92
112707274 ¢2
1117.072 74 92
11117,672 74 ¢3
111707274 02
1117.,C72 74682
1127,072 74 ¢35
1117.07274¢

1117,092748¢

11175.072 7492
111 7%,0727¢¢:
22155727 8
1215.8727%C %58
1117.0737C5%7
111%.6727C¢CA
1117.60727¢ 2°
11172,07290 8"
1127%.07370 2%
11172,07270 2%
1117.727C ¢~
1117.0737 €2
J117.0727%¢8"
1117.0727C 2%
1117.07270¢C"
1117.0727 27
1122707270 ¢°
1115.0727C 87
1117.07370.8%
1125.6727C 2%
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TABLE 9.2 (continued)
MUY CREDK W/STEATDR TRUNDAEYT PLY. ™ (COITTCD

SPL PC £ DT T~k P2 &G FLU 5 € C Pi AT WT o0

1742 32021000 €20 678 013G 1 1 ) T.C 72 70 €4

122 4 2201000 €25 052 0261 1 ) 7.0 73 7L ¢

157242102030 722233002311 7.6727C €7

27242 1% 1100 020 11> 21C 111 7.0 73 7C &4

2244 1¢ 1130 €22 005030 1) 1 7,0737€C 64

15 2 4 5 1¢ 1200 424 02¢: D10 1 1 1 7.C 73 70 £%

1T 24 %16 1230 020 €75 €201 11 7.C 7370 o7

310247281200 C221CE RA0 Y1) Y 7.0053 TLoxC

1722 4 216 1230 £30 112 010111 7,0 72 70 o7

172 2 4 % 1€ 1400 032 120 €2 11 ) 7.6 72 70 ¢

174 2 £ 1010 1430 £25 €22 020 111 7,072 70 €7

172 2 4 1116 1500 022 120 2203 1 2 7.0 7270 o7

175 2 4 121¢ 1657 CAC 151 €0 2 21 72,072 7C 77

177 2 41316 1500 220 122 02001 21 T.0 77 €7

1722 4 1230 1330 C42 107 018 211 7,6 72 70 o

179 2 £ 1515 17CL G40 18 (2L 211 7.0 73 70 ¢

160 2 & 171¢ 3720 046G 1S3 €121 21 7.C 72 70 o3

_ 191 2 4 1710 1800 633138 €16 1 1 ! 7.6 73 70 ©°

< 1€2 2 51 2¢ 1256 Sh0 075 G101 1) 5.8 72 TR &2

e 12282201232 017050 010 1 1) A8 72 72 6

L3 1042 €2 201300022 022 010 1 11 5,572 73 °°

ES 108 2542012330020 077 Q1 111 3,672 72 ¢2

] 127 285 20 1400 300 275025211 7,072 72 ¢0

-] 107 285201230 €20 027 £3521 1 7,072 72 ¢2

P 165 2 £7 20 185C 002 OCC €12 111 7.0 72 72 ¢3

Ry 107285 2320 1820 €05 2L M1 111 7.0 7272 ¢

= 10 2 5 ¢ 2C 1605 160 374 02C 1 ) & §,8 72 73 ¢&

Ry 161 2 5 102¢ 1568 110 414 010 11 & 5,8 72 73 of

o 1€2 2 5 1120 1520 065 287 €101 11 4.8 72 73 ¢€

162 2 € 122¢ 1705 163 3723 G101 1) 5,8 72 T2 e

x 192 25 1220 1730 022 345 €201 11 6,592 72 ¢3

~ 1€8 2 % 122C 1800 10C 376 01C 1 1 1 5.5 72 72 93

3 105 2 5 1520 1630 020 075 010 1 } ) 5,8 72 72 93
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TABLE 9.3

SAMPLING CONDITION INFORMATION AND

CENTURY OVA AIR SAMPLING DATA
LITTLL NIAMI WASTEVATER TREATWENT PLANT

?
-

SPLPDL & DT 7Iv: PPN MG FLIC R S C Pu AT W7
17 211 20 11CC 03¢, 028 €20 211 7.C 74 75 oL
122312301130 0129045 C2C 211 7,074 78 €L
19¢ 31 3301200 C16 032020 311 7.074 78 ¢%
200 31 4 301220 (40 1581 €22 5311 7.0 74 75 ¢&
2¢1 31 £ 3C 2320 61C (32022 21 1 7.C 74 %5 ¢
202 31 530 1335 020 075 622 2 11 7.0 74 75 ¢
2C2 21 7 30 1400 Clz €£5C2T 511 7.0 74 7¢ ©%
2072 21 €20 1425, €C1C 032 €20 221 7.C 74 75 °oF
2T5 31 € 30 150C C1L 02x €20 311 7.C 74 75 €L
2L7 2 11030 3830 €10 027 €20 2111 7.0 74 72 LC
207 21 1130 1506 €14 022 022 211 7.0 74 75 €<
260 2 1 1230 1520 210 U368 €28 211 7.C 45 78 ¢C
207 2 113201700 €2 045 €20 311 7.0 74 75 €E
21C 321 331100 €20 322 €020 211 9,077 94 €L
212 32 2 31 1130 24C 182 G2l 211 7.0 7% 74 3
212 32222220025 25020 21 217.072 9408
213 324311230 €20 075 €24 2 1) 7.0 73 94 L8
205 325211350030 112 022221 7,078 74 L8
21T 2 28 23 13306 028 054 C27 21 1 7.C 75 74 L
21732721 140% 0302223027311 7,078 74 5L
217 22 £ 21 2435 022 €34 027 211 2.C 77 74 L8
216 5 2 6 31 1500 032222020211 7.0 7% %L ¢k
21¢ 3 2 1011 2537 04C 151 Q28 3 11 7.0 75 74 L8
220 3 2 1131 1500 €22 15 €28 311 7.C 7¢ 74 oF
221 2 21221 1720 €25 975 €22 311 7,.C 75 74 ¢t
222 3 2 1331 1700 €18 055 C20 3 11 7.C 7€ 74 ¢&
222 3 2 1421 1720 022 02 €28 211 7.0 75 74 ¢E
224 2 21 02 1200 027 142 0271 1 1 S5,£ 78 74 45
225 2 2 2 €) 1230 046 1821 027111 6,875 74 S5
222 2 3301 13CC 022 12¢ 025111 5,875 7495
227 2 3401 12330 C2C 672 025111 C.5 75 74 S5
228 333 C114000351228 €251 11 45,578 74 ¢C
225 3 3 £ €) 1430 095 245 €231 11 6,875 24 CF
230 2 2 7 01 150C 080 3C2 €251 1 1 6.5 78 74 €5
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TABLE 9.3 (continued) .
LITTLE MIAMI WASTEAATER TREATMENT PLART (CONTINUED)

SPLPD # DI TISE PPN FGS FLORS C P AT V1T @Y

222223 C1 1530 04C 1581 62711 1 5.5 75 7¢ 5%

252 3 39 01 1500 010 €T 025111 §,5 75 74 o%

222 3 3 1001 1620 076 253 €231 11 5.5 7% 74 ¢§

234 2 2 1101 170G $20 075 €251 11 3.5 75 74 oL

238 3 21201 1720 €32 12C €271 115,575 72 <&

2272 31301 1802 €20 €72 €261 11 5,575 74 65

237 3 41 (2 1CU0 €23 027 0251 21 6,5 78 74 °oF

2,8 242021020 C26 €75 C251 12 0.5 75 74 €5

€3L 24 2021100 020105 25111 2,875 74 ¢k

240 2 44 02 1130 €2C 122023211 5,575 74 ¢&

272 2 €5 (21200 055128025 211 2,878 72 €L

202 24 502 1220 022 083 €231 21 5.8 75 T4 ¢S

242 2 47 C2 1300 032 126 027 1 11 £,5 75 7¢ ¢

244 3 £ g €2 1215 02212 €25 111 C.5 75 7¢ o5

2£5 3490212330024 0500825111 5,575 74 9¢

2% 2 4 1CC2 140C €24 02 U271 11 5,875 74 ¢C

247 3 4 1102 1420 040 132 (27 211 £,8 78 7¢ ¢¢

7D 3 4 202 1800 034 )22 0271 1) 5.R 78 74 ¢°

2L 0 € 1302 1820 (28 125€271 11 0.2 78 74 %%

<SC 2 € 1402 130C C2C 075 0251 1 1 6.5 75 74 &

211 3 4 1502 133C €24 0YC €251 11 5,8 75 74 oF

252 3 4 1502 17C0 22 022 €22 211 7.0 7% 74 ¢%

2852 3 L1 CZ082C0C1C 730 €27 21 1 7.0 70 55 &2

286 2 2 2 €3 1000 NiC 030 €271 11 7.0 7% 74 ¢

253021030 015 52827121 7.078 74 ¢S

257 354 €2 2100 025 054 027111 7.0 78 74 ¢E

207 > 55 03 113C €20 113 0271 211 7.C 78 74 ¢C

257 3 5 5 021200 634 120 027 1 1 1 7.0 75 74 &¢&

o 252 2 57 021220 €54 180 €271 11 7.C 75 74 et

e 235 E 02136003C 113C271117.07% 74 ¢

i 251 25 © 03 1236 04C 151 022111 7.0 78 7¢ o%

o 202 3 5 1003 1400 050 1C2 025411 7.C 75 74 ¢t

o 252 3511 21430 020C75€C251 11 7.C75 7425
: |
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{
. TABLE 10
PEARSON CORRELATIONS FOR SAMPLING CONDITION
DATA COMPARED TO CENTURY OVA DATA (ppm)
; Mill Creek Muddy Creek Little Miami
i Flow -0.30112 -.09656 -0.47012
3 L X2 £ * L X2 X ]
X Time 0.28294 0.42529 0.26308
s [ X & ] *hkkk L X X ¢
- Day 0.28558 -0.03210 0.43885
[ X 2 X * Ahkki
Rain -0.06056 0.08456 -0.87108
* * [ £ X %]
DET -0.03344 - -
g *
Iy
ﬁ
N Color 0.04488 0.38817 -
) * 'Y
4
pH -0.17020 -0.26487 -0.16762
Al * % * % *x
'\
3 Air Temperature 0.35366 -0.51863 -0.27862
N Y L *kk
Water Temperature 0.23388 0.51987 -0.34161
v [ X % ] L2 X X3 L I X 2
; Humidity -0.12786 0.56456 -0.21257
2 * [ X 2.2 1 *h
* P<l.0
. ** pP<0.10
. .%%% pP<O,01
., *t&% pP<0,.001
N
Al
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TABLE 11

RESULTS OF ANALYSIS OF CHARCOAL TUBE AIR SAMPLES
COLLECTED DURING PERIODS OF PEAK EPISODES

OBSERVED ON CENTURY OVA
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TABLE 11.0

Key For Tables 11.1-11.3, 12, 13

Spl = Sample Number (coincides with Century Spl #'s)
IDp = Internal ID Number
P = Phase, 1 = Air, 2 = Water
CTRIC = 1,1,1-Trichloroethane
CBENZ = Benzene
CTCE = Trichloroethylene
CPCE = Perchloroethylene/l,1,2,2-Tetrachloroethylene
CTOL = Toluene
CXYL = Xylene
CCLBZ = Chlorobenzene
CMEK = Methyl Ethyl Ketone/2-Butanane
CMIBK = Methyl Iso Butylketone
CTPPM = Total PPM of Individual Compounds
CTMGM = Total mg/m3
CZPPM = Total peak area expressed as Toluene in PPM
€ZMGM = Total peak area expressed as Toluene in mg/m3
NOTE = 1 = Peak - No Water Sample Collected
2 = Tube placed in front of Century Inlet
3 = Outside Grill
4 = Ingide Grill
5

= One Floor Above Bar Screen

*Concentrations reflect total of front plus back of charcoal
tube; at no time 4did the concentration in the back section

exceed 25% of the concentration in the front section
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TABLE 11.2

FRART WY ST VN W W WA WA WP oy W SO |

-, ..I--ndn--..,ql-. V-A
ub " |..\<Il, l.l.w\ r-nlhvl ‘

RESULTS OF ANALYSIS OF CHARCOAL TUBE AIR SAMPLES COLLECTED DURING ,M
PERIODS OF PEAK EPISODES OBSERVED ON CENTURY OVA
. d
CHARCCAL JUBC GAMPLL AWALYSIS n
L
N SAMPLES COLLECTED DURING CENTURY PEAKS 3
~ * 3
' MUDDY CREEK WASTEWATER TREATMENT PLANT »
SPL ID P CIRIC CBENZ CICE CPCC CTOL CXYL CCLEZ "MEK CMIBK IIPPM CTMGM  CZPPM  CZMOM - .._l“
.
138 43 1 0.00 00,10 0.00 0.0 0.00 0.00 0,00 0.00 0.00 00.10 000.31 000,02 000 :
240 44 1 0.0C 00.29 G.00 0,00 02.14 0,00 0,00 0.00 0.00 002.43 (09.02 002.55 So“euw
143 451 0.00 00.18 0.00 0,00 00,77 0.00 0,0 0,00 0,00 000.95 003.47 000.57 003.67
157 48 1 0.00 60.01 0.00 0.CO 00,09 C.00 0,00 0.C0 G.00 ©00.10 000.33 000.07 000,25
176 51 1 0.00 00,59 0.00 01.23 00,11 0.00 0,00 0.00 0.00 002.20 011,91 002.02 007.Go
106 54 1 0.00 02,01 03.34 19,73 0.00 0,00 0.00 05.32 0.00 930.C7 1%0.35 O11.57 043.56
191 S5 1 0.00 00,14 0.00 01.44 D0.33 0,00 0.00 0.00 02.03 Jp1.01 012.56 001.70 006,39
193 55 1 0.00 01.66 06.07 15,92 0,00 2.00 G.0C 0,00 0,00 022.65 145.00 00Y.43 035,53

o L) - - re.s rr ¥
St e W b T T T o
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TABLE 11.3

RESULTS OF ANALYSIS OF CHARCOAL TUBE AIR SAMPLES COLLECTED DURING

PERIODS OF PEAK EPISODES OBSERVED ON CENTURY OVA

QWCOAL ‘TJBE SAMWPLE NWALYSIS

SAMPLES CULLECTED DURING CERNAY PEAKS

LITILE MIAMI WASTESATER TRENTMES PLANT

SPL ID P CIRIC CBENZ CICE CrCt CroL CxyL OCLpZ

222 4 1 00.69 0.Cc 0.G0 0.00 G.CO 0,00 0.00
230 7 1 0,00 00,55 35.25 16,65 05,45 u.Cu 0.00
244 71 1 0.00 00,09 0.00 00,20 0,00 0.00 0.00
254 751 0,00 02,50 10.95 03.91 02,15 0.00 0.00

24001 0,00 0,00 0.0 C.00 0,00 0.00 0.00
- 21681 0,00 0,00 0,00 V.00 C.,C0 0.00 C.00

OEX OMIIK Crere. CivM

0.00 000,69 C03.7S
0.00 055,93 351.00
0.0C 000,30 004,64
0.00 019,52 104.19
0.00 ¢.co
eos c.s

Czrm Cn

000.49 001.85%
051.0¢ 233,20
€01.16 004,36
022.20 093.64
000,12 000.47
000.58 002,17

P

MR Y I O

* 2 2. &' 2"
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i TABLE 12
oE RESULTS OF ANALYSIS OF THF § HOUR TWA

CHARCOAL TUBE AIR SAMPLES

CHARCOAL TUBE SAMPLE ANALYSIS
EIGHT HOUR T4h SAMPLES

MILL CRESK WASTEWATER TREATMENT PLAIT

SFL 1D P OIRI CBZ CTCE CPCE CTOL CTPY CTMGM CZPPM  C2MGH

2¢2 01 1 2.1C C.00 C.OC 0.00 0,00 2.10 11,34 00C2.5¢ 00CO. &80
2¢% 03 1 0.00 0,00 0.00 0.CO C.00 C.00 S.00 0004, 85 00C1,27

3CC 05 1 2.44 0.20 0,20 0,15 0.11 4.)C 31,25 0003.32 C0D0.EC
1 111 ¢.0c 0.0C 0,00 0.00 C.00 0.0C S.0C 0.0¢ ~ 0.00
32 171 0.€0 0,08 C.00 0,00 0.00 C.0E CO.25 0002.92 0COC.79
33 27 1 0.00 0,63 €.00 C.00 0.00 ©.00 0.60 0.00 0.0C
206 341 0.00 0.0 0,00 0,00 0.00 G.OC 0.00 0.00 0.00

MUCCY CRLER WASTEAATER TRCATMENT PLANT
SIL IL P OWl CEZ CTCC CPCE CTOL CTP CTMGN, CZPPv  CZMGM

3CE 41 1 0.0C C.C0 0.0" 0.00 0.g0 0.00 0.00 0.0C 0.0C
’C: .J 1 0.03 0 Of- Q.CC 0.09 0. v o.m 0 00 0 OC 000('
307 4¢ 1 0.0C 5,45 C.00 C.28 C.00 5.73 15.27 £120.2C 1093.4%
3CC 521 €.00 0,00 0.00 0.CC .00 C.OC G.00 ©045.%25 0013.1"

LITTLE MIAMI WASTENATCR TREAIMEST PLANT
SPL ID P CiRI CBZ CiCE CPCE CTOL CTPv. CTMCw CZPPM  CZvCr:

39 5C 1 C.0C C.CC 0.C0 0,00 0.00 C.0C C.0C 0C28,73 CUC7,.62
310 52 1 €.00 0.00 0.00 0.00 0.CC 0.00 0,0C 0C1€.70 OLGL. 5
311 65 1 C.CC C.4C 0,00 3.76 0.00 4.15 26.50 0031.02 000C.2%
312 59 1 0.00 C.CC 0,C0 0.335 0,00 0.38 02,55 0022.1% £OCS.C5
314 73 1 0.0C 0,00 0,00 0,00 0.00 0,00 0.00 0002,02 DOCO,S2
35 ¥7 1 0.0C 0, .00 0,00 .00 0.0C 0.00 000).83 0000, S
319 62 1 0.00 C. 00 0,00 0.00 0.00 0.0C 00C7.95 0002.11

88
(%)

e e . - . . .. T P
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TABLE 13

RESULTS OF ANALYSIS OF CHARCOAL TUBE AIR SAMPLES COLLECTED AT OTHER SITES*

QUARCOAL TUBE SANPLE ANALYSIS |

SAWPLES CULLECTED AT OTHER SITES AND TINES

MILL CREEK WASTEWATZR TREATMENT PLASE

SPL ID P CTMIC C2BXZ CICE CICE CTOL CCLBZ CAEX QMIBK OXVL CTHWCINGM CZPM C20N0M  WOTE
026 05 1 04,34 01.45 0,00 0.00 02.02 0,00 0.00 13,1} 01,08 07.81050.10 012.15 0045.78 1
044 03 1 48,55 0,00 0.00 01,21 00.45 0,00 0.(0 0,00 00,01 50.22275.2¢ 2B5.45 1075.60 2
047 09 1 01.17 00.49 02,69 02,22 01.54- 0,00 ©,00 0,00 00,0) 0S.11043.24 004.39 001G.56 )
074 16 1 03.85 01,28 00,33 00,67 00,05 0,00 1,62 .00 60,19 06.18046.51 003.90 0014.69 3
031 20 1 02.21 00.20 00,30 00.47 00.20 0,00 02.8 0.0 0.00 03.38020.45 001.15 000¢.33 3

0 291 0.00 0.00 0.00 0.00 0,00 0,00 0.00 0.00 0.00 0.00 0.00 0.0 0.00 3
105 3% 1 0.00 0,00 0,00 0.00 00.03 0,00 0.00 0,00 0,00 00.03000.12 000.07 0000,26 3

MEDDY CREEK WASTEWATER TREATRENT PLANT

SPL ID P CMIC CBENZ CICE CRCE CTOL CCLBZ CMEK OMINK CX{L CTPPMCIMGM CZPEM C2MCM NOT7E
195 52 1 0.00 01.21 02,35 13.87 0.00 0.00 0,00 02.34 0.00 17.43112.93 007.45 0020,07 1

LITTLE MIAML VASTEWATER TREATALNT PLANT

. 'SPL ID P CTRIC CBENZ CICE n-dn CIOL . CCLLZ CMEX OnIUK CXYL CTPPMCiMCM CZPPM CZMGM  NOTE

233 uc 1 0,00 05.15 30.75 74,95 0.0C 0.00 25.1% 0.00 5.85@.335.5 043.17 0162.57 1
248 72 1 02.62 00,20 0,00 00,75 00.13 0,00 04.35 0,00 0,00 03.76025.07 C02.%% 0C09.A6 ¢

256 75 1 0,00 03.52 14,42 36,54 0.00 0,00 0,0¢ 0,00 0,00 4C,£3295.37 619,30 0071.84 S

g 8 H cos °Og s.-& =l8 ﬂ..g suos ——0—&” c.a ros 608 °.8 8&.".?.“’ .
*See Key for Table 11 for identity of other sites (as shown in NOTE)



TABLE 14

PEARSON CORRELATIONS COMPARING CENTURY OVA (ppm)

VALUES WITH RESULTS OF THE

CHARCOAL TUBE SAMPLE ANALYSES

Mill Creek Muddy Creek Little Miami
CTPPM -0.01332 0.51508 0.43555
L 3 3 * *
. CZPPM -0.06622 0.55275 0.71340
N * * * %
X CMIBK 0.72766 0.48269 --
N RRkk * :
'! CMEK -0.15495 0.25675 0.47584
[.:: * * *®
i CCIBZ 0.69740 - --
5 kK
CXYL 0.04805 -- --
*
cToL 0.82820 0.15315 0.46201
L2 3 X * *
! CPCE ~0.17561 0.51317 0.55370
- CTCE 0.04685 0.45159 0.72932
L. *
4 CBENZ 0.65416 0.34900 0.70012
Lt - * & & *® L3
o
» CTRIC -0.14456 -- -0.17869
R . *
* P<1.0
) ** p<0.10
’ #*+ P<O. 01
#a#+ P<0.001
""""""""" A I N

M T T T T T 7 e .)_1
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TABLE 15

THREE DIFFERENT TYPES OF CORRELATIONS COMPARING

CENTURY OVA DATA (ppm) WITH CHARCOAL TUBE SAMPLE

ANALYSES AT THE MILL CREEK PLANT

Pearson Spearman Kendall
CTPPM -0.01332 0.30326 -~
* *
C2PPM -0.06622 0.43050 -
* *%
CMIBK 0.72766 0.60235 0.52138
kR k% L 2 X | X %
CMEK -0.15495 -0.1949 -0.15401
* * *®
CCIBZ 0.69740 0.61197 0.52430
*khk*k L £ 2 [ X X 4
CXYL 0.04805 -0.12022 -0.11698
* * *
CTOL 0.82820 0.65145 0.52074
L X232 L 2.2 [ X X ]
CPCE -0.7561 -0.29630 -0.22167
* * *
CTCE 0.04685 0.03763 0.03650
* * *
CBEN2 0.65416 0.60785 0.50017
[ £ 2 ] [ & & [ X 3 ]
CTRIC -0.14456 -0.07903 -0.06267
* * *
* p<cl.0
*% pP<0.10
*%% pP<0.01

*add p<0.001
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TABLE 16

RESULTS OF ANALYSIS OF CHLORINATED ORGANIC

ey

COMPOUNDS (HALOCARBONS) IN WATER SAMPLES

aa

RN

COLLECTED DURING PEAK EPISODES

OBSERVED ON THE CENTURY OVA
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¥ TABLE 16.0

%j Key For Tables 16.1-16.3

2

.ﬁj Spl = Sample Number
- 1D = Internal ID Number

s P = Phase, 1 = Air, 2 = Water

:f WMeCL = Methylene Chloride

4 WChloR = Chloroform

S
‘?“ WTric = 1,1,1-Trichlcroethane
};j WB2C = Dibromochloromethane

N WTCE = Trichloroethylene

N WBC2 = Bromodichloromethane

53; WPCE = Perchloroethylene

- WTCUGL = Total Chlorinated Compounds in UG/L
iﬁ WTA+C = Total Chlorinated + Aromatic Compounds - UG/L
e WTAC-Bz= Total Chlorinated + Aromatic Minus 1,2,4-Tri-
ry Z1aus
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d chlorobenzene
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B TABLE 17
) RESULTS OF ANALYSIS FOR AROMATIC COMPOUNDS

¢ IN WATER SAMPLES COLLECTED DURING PEAK

EPISODES OBSERVED ON THE CENTURY OVA




WBENZ
WTOL
WETBz
Wxyl
WCl,Bz
WTCBz
WTAUGL
WZAUGL

WTA-B2

]

TABLE 17.0

Key For Tables 17.1-17.3
Sample Number
Internal ID Number
Phase, 1 = Air, 2 = Water
Methylethylketone
Benzene
Toluene
Ethylbenzene
Xylene
Dichlorobenzene
1,2,4-Trichlorobenzene
Total Aromatic Compounds in UG/L
Total Aromatics Expressed as Toluene (UG/L)

Total Aromatics Minus 1,2,4-Trichlorobenzene (UG/L)
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TABLE 18

PEARSON CORRELATIONS COMPARING CENTURY OVA (ppm)

DATA WITH THE RESULTS OF

SELECTED WATER SAMPLE ANALYSES

Little Miami

Mill Creek Muddy Creek
WTAUGL 0.30380 -0.19401
* *
WZAUGL -0.03651 -0.08413
* *
WTABZ -0.19008 0.20491
* *
WTCUGL -0.06432 -0.39438
*® *
WTAC -0.12706 0.38305
* *
WTACB2Z -0.20787 0.17289
* *
WTOL -0.20331 -0.08843
* *
WTCE -0.11786 -0.55055
* *
* P<1.0
*%* pP<0.10
**% P<0.01

**%+ p<0.001

-0.36217
*

0.35264
*

-0.35578
*

0.19329
*

0.06388
*

-0.28234
*

-0.31353
*

-0.37511
* .
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TABLE 19

COMPARISON OF AIR, WATER AND

CENTURY RESULTS

cofe e Tl e e S e e e




r.. {
| b
9

b

-, ]
.
‘v o
b, J
“. ®1qvI52390 SUON = --- g
X oL 9Le TSUEPBT  SE6EBT LT 61 1 00z 80°9 zs9°z ¢ .
p. oot €L°88TT  TS°8OTT  ZZ°0 8t z 00¢ zo°e1 o6€°L €

. 1€ 1901 06°8T8T  T8°P6LT  60°92 91 18 +001 o "weE'T T

zTooLy 9z°v58 6z Lz0 L9z st 9 +001 66° ¥ 920°9  of

S8 €Lzt 99°Z00Z  TLUO6ET  SL°TT9 2t L +001 oLy ML e

% 19° 0991 89°LLET  89°LLET --- un s> +001 8z°z 680°S €2

- 61°589 $0°89¢L £5°589 sz o1 v 0s 8L°0 ws'r et

3 6€ €99 6L° 959 00°L09 6L LY 6 t 001 99°0 €€s° T W2 =
-, Lot 6L°S0T 191 8c° vy ] ot 0s S° 01 wer Lt g
“ 69° 105 S6°SL6 06°96¢ S0°6LS L z 09 €6°0 LU 30 SE ¢ o &
% 08°S6L £€6°0S¢L S€°099 85°06 9 t ot 0z'0 618°0 91 ? 5
. 10° 920 TLOTIT  »p°080T  8Z°0C S o 9 910°0 €1 g
€2 L2y 69°€9ZT  ST'TOTT  9S°29T ¢ 9 00t 99°¢ 6L6°s o1 -
v.. ——- coe ——e - -— O,H 0S Oﬂ . ] .OQ . . ‘ ”...h
00°621T1 82°96ST  €S°60¥T  L5°981 ¢ ] 001 ST°T1 %08t ¢ o
. — .
5 (susntos sv) R STIVWOIV POIPUTIOUD | Jamue) Wid (oueniol) Wad wad ¥ "
g ¥ w08 1ds ) Kanjua)y $,30 S.3D 1ds ‘.M
3 (9dd) 1/61 - waLvm Wad - uIv %
2 -
: INVId ¥adud T1IN i
-- -\ .L
3 SITNSTY XUNINZD ONV MEIVM ‘NIV 4O NOSTUVANOD )
i, A
1 ’
A 1°61 T18va .




- e H}
3 o
. .
r. -.--Q
3
rﬁ. £ 9
b
%
2 .
3 2IqUIONISQ IUON = —--
W\ ] .v.-
3 10°L8S 1T 060 1E£° 980 18°¢€ 8z L1-L 001-09 sy°L EEPLT LS .
£ 10°L6S 11°06% 1€° 989 18°€ 8z €2-01 oot €re S¥9°€Z 9§ o
., .A
mn ze 6l 6Z°¥22 z8°€2T 80 L 4 001 oL°1 16°1T 8§
. A
L 81°89 L6° 1S 118 98°0 9 oe-11 oot Ls° 1 Teotoe  ¥S o
8 sL°SY 2559 256 00'es St 9 ov z0°2 Wz 1S o
. 1T°9€ SL°€ SL°€ -—- 114 ) & € L0°0 €0T°0 8P B
), .
) 4 & 2 9t vl 0E"1 90°21 X4 1 08 L6°0 LY6'0 SV
—. ..L
3 ot-ze sLete L9°8 80°¥T 44 € 08 9s°¢ 6zy°z W
- 9r-cs sz°$ 9r'o 6L° " 12 » oL L60°0 €V 5 .“
x —_— — —_— (Vo) *
(susntol V) Ry S73vwoly PIIPUTIOTYD ¢ 4= 303U0 Wdd (eusnTol) Wdd Wad ’ s "
; Vv w30l 1ds B ) &an3juad S,id 8.1 1ds U
_ {6dd) /61 - uBANM Wdd - uIv ]
2 INVId Naadd AGAOR %
N K
> .
# SIINSTY AUNLNZD ANV YALVM ‘¥IV JO NOSIYVJIWOD |
2 E
w 2°61 TTEVL
b
W.

TR,

ol ot

AL Sy S oS A

T TN

SEEX ¥ g0 T _C_S_CPmEMEr T _¢_ v eI TECEERS r F & wom % seess - - -



F: BN - 7 v
-

%

b

3

|

7

91qPIOeIBq SUON = ---

. 96°19 oL-ze 18°62 68°2 9¢ 18 001 85°0 - 1

- €6°09T -  89°80T 2L°66 96°8 s€ 12 08 1o - o8

g 65°€2¢€ 16°81S €r°s6 By €Ty €€ T o€ 91°1 662°0 T

.- - --- --- -- 00T-0s 08 LI°EY 858°0TT 89

W°ST9 29°T6  OL°69T  Z6'T¥Z I 18 08 68°19 1€6°S9 (9

! zz-6te 96°59¢ 69°65Z  L¥°90T  oOf s 74 -0 269°0 99 Q
(suentor V) W  Sj3wwody pesvuiiotud ¥ s Kan3ueD Wad (SuenToL) Wad  Wad 1 '
¥ 1oL 1ds 1D Kan3uad S.10 5.8 1ds

. (6dd) 1/b7 - waivm Wag - €IV

3 INVId TWNIW T1L11

' SIINSTY AYNINAD ONV HALVM ‘YIV JO NOSINVAWOD

& €761 FTAVL

L)

2

[}

§ ; 4. N - AR A Sotd ORIy % . DO O B A A Lo e en T, ¥ aab et S e . ) v - e v Y e ce e e e ol g . oy
SO ) OAOCORE  WRERRANR DI, SYRRNNR | OOOAs WURPXYY OO | RRRRIEE| - UOSRRARRL RNV L -

2



-93-

oo 0" e

vorTe g

e
2 IS

R R B Bt ]

PR A IR

-..- AN AN .-44.4 n .. R

" =
-
=% e

TABLE 20

2
LB
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TABLE 20.0

Key For Tables 20.1-20.3
cis 12 Dichloroethylene
cCl, ND in water
ClBz

*124 TCBz values are not quantitative due to improper method
thus interference from phthalates and other base/neutral
compounds

-These compounds not found in air (charcoal samples) due to
high chlorination and low affinity for charcoal

Xylenes - Total of ortho, meta and para isomers
Clzsé - Total of ortho, meta and para isomers
Waters

Carbon Tetrachloride and cis-1,2-Dichloroethylene were
not detected in any spls (ND<0.1)

Charcoal tubes were also ND<.01 for Freons (113, 13, 112,
12, 21)
C-1,2-Dichloroethylene
1,2-Dichloroethane
1,1-Dichloroethane
Ethyl Benzene

ND - None Detected (below detection limits)

.............................................
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- TABLE 21

COMPARISON OF CHARCOAL TUBE SAMPLE

-i: RESULTS TO CENTURY OVA READINGS
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TABLE 21.0

COMPARISON OF CHARCOAL TUBE SAMPLE RESULTS
TO CENTURY OVA READINGS

MILL CREEK
PPM
Tot. Indiv. Tot. Indiv. Century
Spl # Compounds Compounds* Tot.Arear Value*
5 7.806 11.68 12.15 100
9 8.099 4.04 4.39 50
10 5.979 3.41 3.66 100
13 0.016 0.015 0.015 6
14 0.819 0.20 0.20 30
15 1.331 1.01 1.01 60
17 4.841 10.79 10.79 50
21 1.533 0.66 0.66 100
22 1.871 0.74 0.78 50
23 5.089 2,17 2.28 100+
24 7.446 4.66 4.76 100+
30 6.026 4.96 4.99 100+
31 1.344 0.70 0.71 100+
37 7.390 12.07 18.02 300
38 2,652 4.46 6.08 200

*Expressed as Toluene
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TABLE 21.1

COMPARISON OF CHARCOAL TUBE SAMPLE RESULTS
TO CENTURY OVA READINGS

MUDDY CREEK

ﬁl - PPM

. Tot. Indiv. Tot. Indiv. Century

45 Spl # Compounds Compounds* Tot. Area* Value*

43 0.097 0.09 0.09 70

. 44 2.429 2.43 2.56 80
45 0.947 0.94 0.97 80
48 0.103 0.07 0.07 . 35
51 2.281 1.45 2.02 40
54 30.072 10.03 11.57 100
55 1.911 1.53 1.70 100
56 23.645 7.01 9.43 100
57 17.433 6.90 7.45 60-100

*Expressed as Toluene
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o TABLE 21.2
5 COMPARISON OF CHARCOAL TUBE SAMPLE RESULTS
TO CENTURY OVA READINGS
: LITTLE MIAMI
- PPM
v Tot. Indiv. Tot. Indiv. Century
33 Spl # Compounds Compounds* Tot. Area* Value*
& 64 0.692 0.24 0.49 20
7 67 65.931 31.95 61.89 80
N 68  110.858 41.66 43.17 80
. 71 0.299 1.05 1.16 30
N 80 -— _— 0.12 80
T 81 -—- E— 0.58 100
. *Expressed as Toluene
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TABLE 22
TLV'S
Compound TLV** STEL***
MEK 200 300
: Benzene* 10 25
. Toluene 100 150
! Ethyl Bz 100 125
/ Xylenes (omp) 100 150
3 Chloro Bz 75 -
Dichloro Bz (omp) 75 110
1,2.4-C13Bz (TCBZ) 5 -
Methylene Chloride 100 500
Freon 1000 -
1,1-Dichloroethane 200 250
1, 2-Dichloroethane 10 15
1,1,1-Trichloroethane 350 450
1,1,2-Trichloroethane 10 20
Carbon Tetrachloride* 5 20
Trichloroethylene* 50 150
Perchloroethylene 50 -
1,1,2,2 Tetrachloroethane 1 5
BrC1CH, 200 250
Br2C1CH - -
BrCIZCH - -
Bromoform 0.5 -
Chloroform* 10 50
Range 0.5 - 1000 5 - 500

*Suspect Carcinogens

#*#TLV - Treshold Limit Values, American Conference of Govern-
ment Industrial Hygienists (ACGIH)

**#%*STEL- Short Term Exposure Levels (ACGIH)
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maz 2
m o SEEe wemmme nn
] ny n I e 13 "
- n 0 200 se.s M .0 2.0 200 s3s /s
*ons " ) 2 .3 10286 3ame? 23m? 30 0.1 /0.08

Soluene 2 200 130 0.4 sae s me? g9 me? 100 2.0 1.9
[N 3 100 128 0.5 2. a8 met 33 aet 100 1.3 se.63
m e.m.p) a0 100 130 .73 10.e¢ 3awme' 2.5 met 200 1.9 AN
an ne ”» - 12,00 2632 s met 3.0 me! ”» 2.0 N
1,92 to.m.p) T 5N i 1.0 338 s med g me » e na
1.3.6-5c: an ’ - .
ec1 0.9 200 s a7 ” s 290 200 6.3 /2.3
Preon 12 m 1000 -
1.1-c3,0,m, X 200 330 2007 369.7 70 - - 1.8 7.8
r1aem, 00w 10 15 el e o0 - se 0.7 /10.43)
131 Trich 1 250 s 12073 22.52 6.4 0’ 6. mo? e s NI

N 112 trieh FtH 0 2 1.0 02 16me’ 1umet 10 1.4 A

' e, Y] s 2 ez w7 1amet ) 0.052/10.02)
e e ) ase 7.9 33070 6.6m0° e 100 3.3 7(0.09)
rer 10s.9 ) — 1.0 a1 63 met o 100 0.63 /(6.29
1122 1 Ep0, 160 1 s 3
weicn, 1 200 250 200
e c10m a0s . = -
seci on 164 - — .
Sromofors PTH) (3 J— %)
*Chlorofors 1104 10 0 1.9 Je0.e wm %s 1 0.3 7010

Range 0.9-1000  $-300

*Suspect Carcinsgens
oDiechazge prohidited by lev (petroleus spirit-lew flash pt.)
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TABLE 24
SUMMARY TABLE OF c'.l‘LV'S AND RAT'S
s Smv Criv Range

McCl < 7% 6.3 mg/L ND-0.488 mg/L
Chloroform < 3% 0.33 ND-0.011
1,2 DCE < 0.4% 0.76 ND-0.003
111 Trich <17% 2.50 ND-0.429
CCly -—— 0.052 ND
BrCl,CH -—- -—- ND-0.025
TCE < 0.9% 1.20 ND-0.011
BRyC1CH - -—— ND-0.001
PCE <23% 0.63 ND-0.148
MEK < 0.5% 2.25 ND-1.270
B2 < 2% 0.15 ND-0.004
Tol < 4% 2.00 ND-0.083
EtBz <24% 1.30 ND-0.312
Xyl (o,m,p) <55% 1.70 ND-0.947
ClBz —— 2.00 ———
Cl,Bz (o,m,p) <20% 4.40 ND-0.904
1,2,3 TCBz ——— ——— ND-1.829

*ND=None Detected (below detection limits)

>RAT [25-100% }10-25% |5-10% 0-5%
Mill Creek ——— ——— —— 5 8
. Muddy Creek | --- —— ——— _—— 2
Little Miami| «=-- —— c—- —— 3
mg/L | >26.22 13.1-26.2[2.6-1.31]1.31-2.62{ .26-13

RAT = Relative Atmospheric Toxicity*

ci
RAT= [ " 2.622 mg/L
TLV (excludes MEK)

*gased on Toogood and Hobson (14)

-----
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TABLE 25

A SUMMARY OF THE STATISTICS PERFORMED COMPARING

ANALYTICAL RESULTS FROM AIR AND WATER SAMPLES

Variables
Procedure Dependent Independent By Results
REGRESSION PPM PLANT  PLT NS
ANOVA PPM PLANT  PLT NS
GLM PPM PLANT  PLT NS
GLM PPM PLT PLT NS
GLM FLO PLT NS
GLM PLT-FLO PLT NS
REG PPM PLT PLT NS
REG C2ZPPM PPM PLT NS
REG WTAC PPM PLT NS
REG WTAUGL PPM PLT NS
REG WZAUGL PPM PLT NS
REG WTABZ PPM PLT NS
REG WTCUBL PPM PLT NS
REG WTACBZ PPM  PLT NS
REG WTACBZ CTPPM  PLT NS
NPARIWAY CTPPM PLT NS
NPARIWAY CTPPM PLT NS
NPARIWAY CTOL PLT NS
e NPAR1WAY CTCE PLT NS
A NPARIWAY CMIBK PLT NS
H NPARLWAY CBENZ PLT NS
k2 GLM PPM AMPM NS
2 GLM PPM PLT NS
o GLM PPM DAY NS
- GLM PPM WEEKDAY/WEEKEND NS
= GLM PLT NS
! GLM DAY NS
Pe
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APPENDIX 1

COMPUTER METHODS AND SEQUENCES FOR

CHARCOAL TUBE SAMPLE ANALYSIS
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APPENDIX 1.1
COMPUTER METHOD USED FOR CHARCOAL

TUBE SAMPLE ANALYSES

SEP 45, 4982 0:49
WETHOD: ZRO®?
CHANNEL ¢

1. DATA INPUT .

RUNTM  OPKS

15.00, 35
MU/MIN  DELAY MIN-AR  BUNCH
300, e.00, 100, AUTO
INTEGRATOR EVENTS
TIME  EVENT
i /t

CONTROL EVENTS :
TIME EVENT ECM RLY
{1 V/E
2. DATA ANALYS1S

PROC RPRT SBUP-UNK
ZERD, LO, NO

UNITS  TITLE
MG

3. USER PROGRANS

POST-ANAL DIALG-PRG PARAM-FILE
/N

4. REPORTS
RDVC ORPTS
1 14,
2 /E

---------
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APPENDIX 1.2

COMPUTER - AUTOSAMPLER SEQUENCE USED FOR

CHARCOAL TUBE SAMPLE ANALYSES
SE° 3%, 1992 22.47
BEOULNCE : ALSY
ConmngL 9
sSUrStaUENCE ¢

AL YHoD
3000

BIAC-PAE PaRAN-FILE
”n

Sug PS STOF
3, 3 [}

180 POST-DTLEO POST-GUSHS
vis, s, %

Sane LS

(311}
8102
8703
$YDe
[ S
”.2
L3
| 4%
10 BLS
11 e
2 o7
13 ene
14 S0
(L _J81)
16 8708
87 8P
10 L2
19 $PL13
20 oPLse
2 SPLIS
22 WPLie

COYC NP UN-

[ L X 3 T X T ¥ YY" ¥°9

k211434
b

@ 0032
@ L)
a2 LI
43 L3

23s32at
:
s

T T AR U U T P

A AR AT TP EL f s m e e W Lttt et et L
f) e e N e T WA W N N DA LT WA S N T UL AL R R S G RS
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APPENDIX 1.2 (continued)
COMPUTER ~ AUTOSAMPLER 'SE_:QUENCE USED FOR

CHARCOAL TUBE SAMPLE ANALYSES
suesteuEncE 2

L3l
n00

BIALG-PRE PaRAn-FILE
”"n

GUSNS  OPWPS  STYOF
3, 3, [}

180 POST=5TLO POST-GUSHS
€S, ., 3

L ¥ £ ]

cs2
[ 3214
[ 1)
rLae2
| A5
[ J¥ T}
[ {1
SPLas
sPLA?
10 SrLeE
11 SPLAY
12 PPLS0
13 BTD1C
14 $PLSY
13 $rL82
16 BPLSI
17 8PS
18 grLSS
19 SrLSe
20 ¢°L%?
21 SPLSE
22 $PLSS
23 sPLet
24 $Tpss
25 SPLes
2 SPL62
27 SPLe3
20 WPLea
20 BPL6S
30 orLee
31 SPLe?
s PPLA®
33 BPLeS
34 9PL70
3% 912
36 L7
37 #rLY2
30§73
3 SrL7e
a8 LS
a1 SPL%
aQ L7
a3 L7
“n LY
4% SrL80
a O8'Ds3
&7 9rL0s

$3, PONNSY
P9R0S4

VNP D e

$.0000, 8.0000
1.0080, 3.0000
M

M I R I e I I I T T T T S,

"™, 200000
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APPENDIX 2

COMPUTER PROCEDURES FOR WATER

ANALYSES FOR PURGEABLE HALOCARBONS
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APPENDIX 2.1

COMPUTER METHOD USED FOR WATER ANALYSES
FOR PURGEABLE HALOCARBONS

SEF 120 1007 23145
HETWOD: PURSE11T0
CHAMNHEL 22

1. DRTA INFUT

FUNTM  @FLD
30.00. ”

nv-MIN DELRY  MIN-RF BUNCH
o 160y * e300 Se00. ONCE

INTEGPATOR EVENTS
TIME  EVENT
1 /E

CONTEOL BVENTE
T!gE EVENT ECM RLY
b /

2o DFETA RNALYEIS

FFOC RPFT  SUF-UNY
E<TI.  Elis NO

unITE TITLE
US L v PUFGERELE MALOCHEL:ONS
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APPENDIX 2.2

COMPUTER - AUTOSAMPLER SEQUENCE USED FOR

. WATER ANALYSES FOR PURGEABLE HALOCARBONS

SEF Q0. 1wgl 9152

SEOUEN.E: SEQZHE
: CRRLNEL 22
i~ SUBSECUENCE 1

METHII

FUFgCe T

cIELIeFRES PRFANSFILT
B

oK. EFnrhE-uﬁnE ETLe FFOL-FILE EA-FILE RLIL-F  ETI=-AMT SMP-g'7

R * 1y PROOCT e RACODS ¢ 100,00 1.0000. 1,003
S o 2e PREOCS o RROOOZ . 100,67 1.6000.  J, 0000
o © G0 PROOOT 4 RRODOT o 132,00+ 1.8000, 1,600
S te © 4. PROAOS  » RABOO4  « JO0.CGr 1.0000 3, 0000
LRSS Soe S0 PROOCT 9 RAGOOS 4 100,60 1.8080  1.@003
T o € -PRDBDS o RAQGEE s 107,03 1,0000. 1.0000
: T C T PRBOCT  y RAGGOT 4 100.CGOe  1.0000.  1,0080
. Py s & PROOOT o RRDOBE  » 103.00.  :.0000¢ 1,800(
. ¢ TE * 9. PROOOZ 4 FRROOS 4 380,00, 1.0000. 1,000
: L v 1% PRORIG « RARDIO s R0C.OD.  1.0000.  5.0060
1 Elit Yy
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APPENDIX 3.1
COMPUTER METHOD USED FOR WATER ANALYSES

FOR PURGEABLE AROMATICS

SEF 32, 19EZ 12140
‘METHOL: PURSOZITO
CHAMNNEL 21

1. DATA INFUT

FUNTE 8RS .
3e. @0 IS0 :

frv- Ml DELA. MlN=nr BUNCH
‘ 200 F.3Go 1800 ONCE

INTEGFATOR EVENTS
TIME  EVENT
1 CE

CCHTROL EVENT:
TIME  EVENT ECM FL™
1 /E
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UNITE  TITLE )
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APPENDIX 3.2

COMPUTER - AUTOSAMPLER 'SE'_QLUENCE USED FOR

WATER ANALYSES FOR PURGEABLE AROMATICS

SEF 0. 1902 9:50
SECQUENCE: SECZIE
CHANNREL 21

SUBSECIENTE 1

HETHOD
PUREOSTO

IlALL=-FFC FRFAN-FILE
1

Lo AT-RTLE O FLOIT-deir:
X 1o 1

SHNFLL
CRUFLE-MAME  ETLE FFOL-FILE Sw-FILE  SIuL=¢  STD=AM™ SHF-R-T

. 1 . 1+ FROOC] « RADQa) s 100,00  3.000C.  ,00a0
s T ’ . PRAOOCE « RAQOOZ s 100,03 1.00600. 21,0040
N ’ o PARODE + RAOQOZ s 100 00 1.000C.  1.0000
< e . 4. FROOGS o FROOOS s 166,00 1.0000.  1,0000
FEERAS . S FROOCT o FROOOS o 103,000 1.00080. l.@6C0
€ O . €« FROOU: o RADOOC o 100,00y 1,000 1.06000
T > ’ T FROOCT s RAGOOT s 100,00 1.08000. 3,000
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P e . Gy PREOOS « PAROBOX s 100,600 1,0000.  J.6000
¢ N + 1@ PROCIE s RADOIO y 100,00 1.6000. 1, 0040
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APPENDIX 4.1

SASRUN 1

//WENHIOIA JU8 (0,K34BCH) , *DUNOVANT SASRUN1',
7/ TIME=(0,30) ,REGION=2G0K , MSGLEVEL= (1, 1)
J /ROUTE PRINT RMT3
7/ EXEC SAST95,REGION=250K
7/TCENTGC DD DSNSWENHI 01, DCENTCC , DISPROLD, UNITEYSDA, VOL=CERSWRK1S )
//DCL DD DSNWENHIC1.DYCL, DISP=OLD, UNI T=GYSDA, VOL=SERYRK151
//DANRO TO DENSWENHI 01 . DWARO, DISPeOLD, UNIT=SYSDA, VOL=SER®WRK151
//DASTRR. DD DSN=EXHI 01 . DACTPK, CISPeOLD, UNIT=GYSDA, VOL=SER=RK151
//TACTSP DD DSNWENHI 01 DACTSP, DISPeOLD, UNITSYSDY., VOL=SER=WRK1S)
//DACTDAY DD DSN=ENHI 01 . DACTDAY, DISP=OLD, UNIT=SYSDA, VOL#SERATKI 51
//WRITE TO UNIT=3380,DENSYENHIC] ,SASRUN],
// DISP= (NEW,CATLG) ,SPACE= (TRK, (5, 5) ,RLSE) ,VOL=SER=MZ0116
//SAS.SYSIN DD *
DATA ONE;INFILE DCENTGC;
INPUT SPL 2~ PLT-6 DAY € NO 10-11 DATE 12-13 TIME 15-10
PPN 20-22 MG 24-26 FLO 28-30 RAIN 32 DET 3¢ COL 35
Pi 38-40 AT 42-43 WT 45-4G HUx 4B-49 S5 51-53 DG 55-57
CY 53-5§1 PO 63-65 P 67;
DATA TWC; INFILE DWARD;
INPUT SPL 2-4 ID 6-7 P 9 WMEK 11-16 WBENZ 18-22 WTOL 25-30
WETSZ 32-37 WXYL 35-44 WCL2BZ 52-53 WIAUGL 60-G6 WZAUGL 70-76
WTABZ 70-84;
ATZ. THREL; INTILE DWCL;
INPUT SPL 2-4 ID $7 P § WMECL 11-16 WCLOR 18-22 WIRIC 2¢-2S
WB2C 31-35 WICE 37-41 WEC2 43-46 WPCE 48-53 WICUGL S5-G1
WIS 63-6 WINCEZ 71-77;
DATY. FOUR; INFILE DACTRK:
INPUT SPL 2~¢ ID 5-7 P O CTRIC 11-15 CBENZ 17-21 CICE 23-27
CPCL 25-33 CTOL-35-39 CXYL 41-45 CCLBZ 47-5) CMEK 85-90
ONIBK 52-56 CTPPM 53-56 CIMGM 60-65 CZPPr 70-75 CZMGM 77-C2;
DATA FIVE;INFILE DACTSP;
INPUT SPL 2-4 ID §-7 P O CTRIC 11-15 CBENZ 17-21 CICE 23-27
CRCE 29-33 CTOL 35-3¢ CCLBZ 41-45 OMEK 47-51 CMIBK 53-57
XYL 50-53 CTPPY €5-G CTMGM 70-75 CZPPM TI-82 CZMOM B4-50
; NUTE 92;
X DATA SIX; INFILE DACIDAY;
- INPUT SFL 2-4 ID §-7 P O CTRIC 11-14 CBENZ 15-19 CICE 21-24
CPCE 26-29 CTOL 31-3¢ CTPPM 36-39 CT¥GM 41-45 CZPPM 47-53
f CZMG1 55-51;

PROC SORT DATA=ONE; BY SPL;
PROC SCRT DATA®IWO;BY SPL;
PROC SORT DATATHREE;BY SPL;

5 iIPROC SORT DATAFOUR;BY SPL;

o PROC SORT DATAFIVE;BY SPL;

4 EROC SORT DATASSIX;BY SPL;
DATA WRITE.ALL;
MERGE ONE TWO THREE FOUR FIVE SIX; BY SPL;
PRXC PRINT DATASWRITE.ALL; )
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APPENDIX 4.2
SASRUN 2

//WENHIO011 308 “(0,K348CH) , "DUNOVANT SASRUN2',
// TIME=(0,30) ,REGION=256K

- /*ROUTE PRINT RMT3

; // EXEC SASTSS )

- //WRITE DD UNIT=3330,VOLsSER=ME011G,

// DSNsWENHIC1,SASRUN],DISP=OLD,SPACE= (TRK, (5,5) ,RLSE)
//SAS.SYSIN DD ¢

DATA ONE;SET WRITE.ALL;

PROC SORT;BY PLT;

PROC CORR DATASWVRITE.ALL; VAR PPM; WITH DAY;
PRX CORR DATASWRITE.ALL; VAR PPri; WITH TIME;
PRUC CORR DATASWRITE.ALL; VAR PPM; WITH FLO;
PROC CORR DATASWRITE.ALL; VAR PPM; WITH RAIN;
PROC CORR DATAMWVRITE.ALL; VAR PPM; WITH HU;
PROC CORR DATASWRITE.ALL; VAR PPM; WITH DET;

. PROC CORR DATAS'RITE.ALL; VAR PPM; WITH COL;

) PROC CORR LCATASWRITE.ALL; VAR PPM; WITH Pri;
PROC CORR DATASWRITE.ALL; VAR PPM; WITH WTAWGL;
PROC CORR DATASWRITE.ALL; VAR ;i WITH WTZAUGL;
PRIC CORR DATASWRITE.ALL; VAR PPM; WITH WTABZ;
PROC CORR DATASWRITE.ALL; VAR PPM; WITh WICUGL;
PRIC CORR DATASWRITE.ALL; VAR PP%; WITH WTAC;
PROC CORR DATASWRITE.ALL; VAR PPv; WITH WTACEZ;
PROC CORR DATASWRITE.ALL; VAR PPM; WITH CTPPV;
PROXC CORR DATASWRITE.ALL; VAR PPM; WITH CZPP:;

PROC REG; MODEL PPMePLT;
/*

''''''''''''''''''''''
.......

IR

)
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APPENDIX 4.3
SASRUN 3

//VWENEIO012 J28 (0,K348CH), DUNOVANT SASRUN3',
// TIME=(0,30) ,REGION=255K
/*ROUTE PRINT RMT3
// EXEC SAS796
//"RITE DD UNIT=3380,VOL=SER=MB80115,
// DENSWENHI 0] .SASRUN],DISP=0LD,SPACE=(TKK, (5,5) ,RLSE)
//SAS.SYSIN DD
DATA ONE;SET WRITE.ALL;
PROC ANOVA DATASWRITE.ALL; CIASS PLT; MODEL PPMsPLT;
PROC GLF DATASWRITE.ALL; CLASS PLT;MODEL PPM=PLT;
LSMEARS PLT/E STDERR PDIFE;
PRXC SORT DATASWRITE.ALL; BY PLT;
PIOC CORR DATASVRITE.ALL;BY PLT;VAR PFM; WITH DAY—HUx;
PROC PLOT DATASWRITE.ALL;BY PLT;PLOT PPM* (DAY—HUM);
PROC CORR DATASWRITE.ALL NOMISS;BY PLT;VAR PPN;WITH WMEI—CZMCM;
PROC PLOT DATASWRITE.ALL;BY PLT;PLOT PPM* (W.EK—CZMGM);
PROC GLN DATAWWRITE.ALL ;CLNSS PLT;
MOOEL PPM=PLT FLO PLT*FLO;
PROC GLM DATASWRITE.ALL;CLASS PLT;
MIDEL PPMs=PLT FLO;

/t
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APPENDIX 4.4
SASRUN 4

4 //«Ed1IC14 JOB8 (0,K348CH) , *DUNOVANT SASRUN4',
// TI¥E=(0,30) ,REGION=1024%
/*RUWTE PRINT RT3
// EXEC SAST9S
//WRICE DD UNIT=338C,VOL=SER=MECLLS,
// DGNJENHICL .SASRUN], DISP=OLT, SPACE= (TRK, (S5, 5) ,RLSE)
//SAS.SYSIN DD ¢
DACA ONE;SET WRITE.ALL;
PROT SORT DATASARITE.ALL;BY PLT;
PROC GLM; CLASS PLT;
SICEL PPrsPLT FLO PLT*FLO;
PROC GLM;CLASS PLT;MODEL PPMsPLT FLO;
PROC CORR;BY PLT; VAR PPY;WITH WNEK-—CZMGM;
PROC REG;BY PLT;MODEL PPMs=PLT;OUTPUT OUT=BOTE1 P=PRPPM;
PROC PLOT DATAsBOTH);PLCT PPM*PLT PRPPM*PLT='*'/OVERLAY;
TITLE PREDICYED VS. ACTUAL PPv;
PROC REG;BY PLT;MIDCL CTPPMePPi1;OUTPUT JUTeBOTii2 PsPRCTPPY;
PROC PLOT DATASBORLIZ; PLOT CTPPM*PPv PRCTPPM*PPVa'*' JOVERLLY;
TITLE PREDICTED VS. ACTUAL CIPPY;
PROC REG;RY PLT; MODEL CZPPr=PPN; OUTPUT OUT=BOTH3 PsPRCZPPM;
PROC PLOT DATAsBOTH3; PLOT CZPPM*PPr: PRCZPPN*PPM='t' JOVERLAY;
TITLE PREDICTED VS. ACTUAL CZPPN;
PROC RES;8Y PLT; MODEL WTAC=PPi;OUTPUT OUT=ECTHL PsPRITAC;
PRIC PLOT DATASEOTHZ; PLOT WIAC*PPM PRATAC*PPM='*' JOVERLAY;
TITLE PRiDICTED V5. ACTUAL WTAC;
PROC REG;BY PLT;MODEL WTAUGLsPPM;OUTPUT OUT=BOTHS P=PRYTAUGL;
' PROC PLCT DATABUTHS; PLOT WTAUGL*PPM PRATAUGL®PPM='*' JOVERLAY;
' TITLE PREDICTED VS. ACTUAL WTAWGL;
PROC REG;BY PLT;MODCL WZAUGL=PPM;OUTPUT OUTsBOTHS P=PRYZAUGL;
PRIC PLOT DATA=BOTHG6; PLOT WZAUGL®*PPM PRAZAUGL®PPN='*' /OVERLAY;
TITLE PREDICTED V5. ACTUAL WZAWGL;
PROC REG;BY PLT;MIDEL WTABZ=PPM; UTPUT OUTsBOTH? PaPRITABZ;
PROC PLOT DATAsBOTH7;PLOT WIABZ*PPN PRYTABZ*PPM='*' /OVERLAY;
TITLE PREDICTED VS. ACTUAL WTABZ;
PROC REG;BY PL1;MODEL WTCUGLsPPY; UTPUT OUTsBOTHC PsPRTICUGL;
3 PROC PLOT DATAsBOTHE; PLOT WICUGL*PPM PRATCUGL*PPM='*' /OVERLAY;
v TITLE PREDICTED VS. ACTUAL WICUGL;
PROC REG;BY PLT;MODCL WTACBZ=PPN;OUTPUT OUT=BOTHS PsPRATACEZ;
PRIC PLOT DATABOTHS; PLOT WTACBZ*PPM PRATACSZEPPM='%' ZOVERIAY;
TITLE PREDICTED VS. ACTUAL WTACBZ;
PROC REG;BY PLT;MODEL WTACB2=CTPPM;OUTPUT OUT=BOTHA Pe=PRYTACBZ;
PROC PLOT DATABOIYA; PLOT WIACBZOCTPPY PRANTACBZ*CTPPM='*' JOVERIAY;
TITLE PREDICTED VS. ACTUAL WINCBZ;
/*
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APPENDIX 4.6

SASRUN 6

//#EU1016 J0B (0,K34ECH) , *DUNOVANT SASKUNG',
// TIME= (0, 30) ,REGION=1024K

/*ROUTE PRINT RMT3

// EXEC SAS795

//WRITE DO UNIT=3320,VOL=SER=80116,

// DGN=WENHI01.SASRUN1, DISP=OLD, SPACE= (TRK, (5, 5) [RLSE)
//SAS . SYSIN IC *

DATA ONC;SET WRITE.ALL;

IF PLT=] THEN DO;

FLO1=FLO; PPM1ePPM; END;

IF PLT=2 THEN DO;

FLO2=FLO; PPM2=PPM; END;

IF PLT=3 THEN DO;

FLO3sFLC; PPM3sPPM; BD;

PROC PLOT;PLOT PPM1*FLOls'A’ PPM2¢FLO2='B' PPM3*FLO3='C’/
OVERLAY; .

PROC CORR;BY PLT;VAR DAY—CZMGM;
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APPENDIX 4.7

SASRUN 7

//WBTAI017 JOB (0,K348CH), "DUNOVANT SASRUN7',
// TINE=(C,30) ,REGIUN=1024K
/*ROWTE PRINT RMT3
// EXECT SAS796
//WRITE DD UNIT=3380,VOL=SERsMEC116,
g // DGNs\ ENHIO],.SASRUN1,DISP=OLD,SPACE= (TRK, (5,5) ,RLSE)
- //SAS.SYSIN DD *
z DATA ONE;SET WRITE.ALL;
y PROC CONR PEARSQON SPEARMAN KENDALL;BY PLT;
i VAR DhY=—HUNM;
PROC CORR PEARSON SPEAR“WAN KENDALL;BY PLT;
VAK DAY TIME PPM WMEK—CZMGN;
/Q
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APPENDIX 4.8
SASRUN 8

/WDNHI018 JOB (0,X348CH), DUNOVANT SASRUNS',
‘/ TIME=(0,30) ,REGION=1024K

%ROUTE PRINT RMT41

‘/ EXEC SAS795

‘/*R1TE DD UNIT=3350,VOL=SER=#E0116,
’/ DSNSWENHIO0).SASRUNI,DISP=OLD,SPACE=(TRK, (5,5) ,RLSE)
/SHS.SYSIN DD ¢

ATA ORE;SET WRITE.ALL;

ROC NPARIWAY;CLASS PLT;VAR CIPPM CZPPM CTOL CTCE CMIBK CBENZ;
MTA TWO; SET WRITE.ALL;

°F 050C LE TIME LE 1200 THEN AMPM=];
:F 1201 LE TINE LE 1500 THEN AMPN=2;
'F 15C1 LE TIME LE 1800 THEN AMPM=3;
ZF 1£01 LE TIME LE 2100 THEN AMPM=4;
MOC GIM;CLASS PLT AMPVM DAY;

ODEL PPV=AMPM PLT DAY;

A7A THRLCE; SET WRITE.ALL;

{F 2 LE DAY LE & THEN DD=1;

-F DAY=] THEN DD=2;

:F DAY=5 THEN DO=2;

F € LE DAY LE 7 THEN DO=3;

3RIC GLM;CLASS DD PLT DAY;

“ODEL PPMsDD PLT DAY;

MNTA FOUR; SET WRITE.ALL;

ROC PLOT;BY PLT;

10T PPM*CTOL;

ROC PLI.; BY PLT;

AOT PPM*CTPPM;

MOC PLOT; BY PLT;

10T PPM*C2PPM;

ROC PLOT; BY PLT;

AOT PPMEQOMIBK;

ROC PLOT; BY PLT;

AL0T PPMECCLBZ;

3RIC PLOT; BY PLT;

10T PPM*CPCE;

3RIXC PLOT; BY PLT;

10T CTOL*WTOL;

}OC PLOT; BY PLT;

ADT CTPPM*WTAC;

MNOC PLOT; BY PLT; .

3LOT CBENZ*WBENZ; s

3ROC PLOT; BY PLT;

30T CICE*WICE;

:a.':c PLOT; BY PLT;

...................
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APPENDIX 5.2
The goal of this statistical program is to find a model
that fits well (i.e., small Chi Square), with as few terms
as possible. The best fitting model is as follows:

109 Pp)ant-rime-Peak = Uplant * Urime * Upeax

+ UPlnnt Time + uPlant Peak

* Urime peak

This model has a Chi Square (X2) of 3.46 with 4 degrees of
freedom which yields a P <0.005.

If the plant-peak term is eliminated, there are only 4
degrees of freedom with a x? aiff = 54.18 as follows:

(17)-(16) = X2 Aiff = 57.64 ~ 3.46 = 54.18; Af = ¢
Therefore, the plant-peak term must be retained since
P <0.005.

1f the plant-time term is eliminated the result is as
follows:

(17)-(15) = X° Qiff = 4.32 - 3.46 = 0.86; af = 2
This X2 diff is not significant and the plant-time peak can
be eliminated. This yields the following model:

109 Ppjant-Time-Peak " Up1ant * Urime * Upeax

* Upjant-peak * Urime Peak

Thi x2 for this model alone is also very small which indicates
& good fitting model.
This simplified model indicstes that all first order in-

teractions between plant, time and peak must be considered

except the interaction of plant with time.
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